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ABSTRACT 
Reaction of Ph2PCl with R(NH2)n (n = I, 2 or 4) in the presence of NEt3 affords a 
series of mono-, di-, tetra- and octadentate (phosphino)amines, {Ph2PN(H)}nR or 
{(Ph2P)2N}nR (n =I, 2 or 4; R = functionalised aromatic group bearing methyl, keto, 
ester, ether, vinyl or thiazole substituents). Oxidation of these new (phosphino)amines 
with sulfur, selenium or hydrogen peroxide yields the corresponding phosphorus(V) 
compounds. Mixed phosphorus(III)/phosphorus(V) compounds containing P(III) and 
E donor centres are also described. The coordination chemistry of these new ligands 
towards various transition-metal centres (e.g. ruthenium, rhodium, palladium, 
platinum and gold) have been extensively studied. Thermal C-H activation of 
[PtMe2{PPh2N(H)R}2] or [RhCh(115-C5Mes){Ph2PN(H)R}] affords first examples of 
orthometallated (phosphino )amine complexes containing a five-membered ring M-P-
N-C-C metalloring. Characterisation of a number of these novel compounds was 
achieved using single crystal X-ray analysis, revealing, in many cases, the presence of 
an intramolecular N-H···O hydrogen bond. 
A range of bis(phosphino )amines, with keto, ester or ether functionalised substituents, 
P,P '-chelate to molybdenum, ruthenium, palladium, platinum or copper metal centres. 
Bimetallic compounds [e.g. {(ClAuPh2P)2NR}] illustrate that these ligands can also 
P,P'-bridge two metal centres. The platinum(II) complex [PtCh{Ph2PhN{3,5-
C6H3(C(O)OMe )2}] undergoes a smooth, clean methanolysis to give the mixed 
complex cis-[PtCh(PPh20Me){Ph2PN(H)R} ]. Furthermore the platinum complex 
[PtCh{Ph2P}2N{3-C6HtC(O)OMe}] was found to afford [PtCl(PPh20Me){3-
(C(O)OMe )C6H3N(H)PPh2-P, C} ], presumably via methanolysis/orthometallation. 
The (phosphino)amine (Ph2P)2N(4-C6HtCH=CH2) bearing a pendant vinyl group 
undergoes free radical copolymerisation with IH,IH,2H,2H,-perfluorodecylacrylate 
to afford a new fluorous soluble polymer. 
The novel octadentate ligand J,2,3,4-{(Ph2P)2NCH2CH2SCH2}4C6H2 was readily 
prepared by successive phosphorylations of J,2,3,4-{H2NCH2CH2SCH2}4C6H2. 
Tetranuclear dichloroplatinum(II), dimethylplatinum(II), molybdenum(O)-
11 
tetracarbonyl and octanuclear gold(l) chloride complexes were prepared and 
characterised. 
New thiazole functionalised (phosphino )amines were prepared and shown to adopt 
various coordination modes (e.g. P- or P,N-chelation) upon complexation to 
[MCh(cod)]. In the gold complexes [AuCl{Ph2PN(H)R}] (R = thiazole substituent) 
X-ray crystallography showed that proton migration from -N(H)PPh2 to the 
endocyclic N of the thiazole ring occurred. Furthermore intramolecular N-H···Cl H-
bonding links molecules into a one-dimensional chain. In contrast, attempted 
crystallisations of [AuCl{Ph2PN(H)(C6H3ClNS)}] afforded a decomposition product, 
showing cleavage of the P-N bond and concurrent oxidation of the ligand. In 
addition, the ligands were found to intermolecular N-H···O hydrogen bond forming a 
one-dimensional chain. The chalcogenides Ph2P(S)N(H)(C7H3ClNS) and 
Ph2P(S)N(H)(C3H3NS) undergo deprotonation and were shown to behave as N,N'-
bridging or N,S-chelating ligands to potassium and rhodium, iridium, palladium or 
platinum metal centres. 
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CHAPTER 1 
INTRODUCTION 
1.1 Introduction 
Heterofunctional phosphorus containing ligands of the type Ph2PR (1), bearing a 'soft' 
phosphorus atom and a 'hard' oxygen or nitrogen donor atom (located on R) have 
found important applications, especially in catalysis.1-3 
/ p" Ph I R 
Ph 
I 
The connectivity between 'P' and the functional bearing moiety is often readily 
achieved by P-C bond forming reactions, and in this way a variety of substituents can 
be introduced (11).1'2'4-6 
11 
X= NH2, NHR, ~ 
OR, CHO, C02R 
(R = H, alkyl, aryl) 
In contrast, there is very little documented with regards to hybrid ligands formed by 
P-N bond forming reactions (see sections 1.3- 1.4). A brief survey of the range of 
functionalised tertiary phosphines and (phosphino )amines is discussed below. 
1.2 Functionalised Tertiary Phosphine Ligands 
1.2.1 Functionalised tertiary phosphines bearing an amine group 
1.2.1.1-NR2 functionalised ligands and complexes (R2 = Me2, H2, HMe) 
A number of tertiary phosphine ligands with a nitrogen donor moiety in the ortho 
position have been described by various groups (1.1 - 1.3).7"12 The coordination 
chemistry of these ligands to a range of transition metals (including Pt, Rh, Ir) has 
been documented. The reaction of 1.2 with an equimolar quantity of K2PtCl4 affords 
pp~ 6NMe2 &~ &mwe 
1.1 1.2 1.3 
2 
cis-[Pt(1.2)2][PtC4] 1.4. When the reaction was performed with an excess of 1.2 the 
complex cis-[PtCh(l.2)2] 1.5 was obtained as the monohydrate. These reactions are in 
marked contrast to the behaviour of the tertiary amine analogue 1.1, which under the 
same conditions afforded [Pt(1.1)Ch] 1.6. 
p~ p~ I [PtC14] 
~p~Pt:p~ 
v-N N-v 
H2 H2 
1.4 
Q 
P~P, /NMe2 
Pt 
/ ' Cl Cl 
1.6 
p~ p~ 
~p~Pt:p~ 
v-N N-v 
H H 
1.7 
Deprotonation of 1.4 with Et3N, hydrazine hydrate or ethanolic potassium hydroxide 
in hot ethanol or acetone gave the very stable bright yellow complex 1.7.9 Reaction of 
the N-lithio derivatives of 1.2 and 1.3 with [MCl(CO)(PPh3)2] (M= Ir, Rh) in thf gave 
the chelate complexes [M(CO)(PPh3)(L)] (M= lr, Rh, L = 1.2 or 1.3) (Eqn 1.1).6'13 
&pp~ NRLi OC, .,~~:0 + [MCl(CO)(PPh3)2]--~,..... /M, I p~p N fi R 
R = H, M = Rh, 1.8 
R = Me, M = Rh, 1.9 
R = H, M= Ir, 1.10 
R = Me, M = lr, 1.11 
Eqn 1.1 
An isomer of 1.2 in which the amine group is in the meta position has also been 
synthesised.14"16 m-Ph2PC61-4NH2 1.12 was found to coordinate in a monodentate 
fashion through the phosphorus atom. Reaction with [W(C0)6] gave the complex 
[W(CO)s1.12] 1.13. 
~Nb- OC CO 
If ~ PP~-\v'-co 
- I' oc· co 
1.12 1.13 
3 
1.2.1.2 Thiazole functionalised ligands and coordination studies 
Thiazoles are an important class of S,N containing heterocycles17 and were initially 
identified over a century ago.18 The thiazole skeleton is a constituent of many 
biomolecules. Thiazoles are potentially S, Nor S,N- donating to metals in terminal or 
bridging modes and are capable of generating mononuclear, polynuclear and 
polymeric complexes.19•20 Although thiazole chemistry is well documented in the 
literature, examples of phosphines in which a thiazole group is included in the ligand 
backbone are sparse.21"23 Furthermore, examples of coordination compounds of these 
phosphorus containing systems are rare, yet in theory, they permit a variety of 
possible ligating modes using any combination of the N, P, S donor atoms. 
Knott first documented systems containing both phosphorus and a thiazole skeleton.21 
The purpose of their work was to obtain basic heterocyclic alkenes, for use in the 
synthesis of cyanines, which were inaccessible by other methods. 2-bromomethyl 
benzothiazole 1.14 reacts with triphenylphosphine in hot toluene to yield 2-
benzothiazolmethyl triphenylphosphonium bromide 1.15. The reaction of 1.14 with 
triethylphosphite at 140 °C gave diethyl-2-benzothiazolmethyl phosphonate 1.16. 
Additional reactions of these two compounds were reported although no coordination 
chemistry was presented. 
~8}--c-PPh3 Br v-N H2 o:s ~ }--C-P(OEt)2 N H2 
1.15 1.16 
There are a number of possible routes to thiazole functionalised phosphine ligands. 
Dilworth et a/.22, in an attempt to synthesise a Schiff base by reaction of2-(diphenyl-
phosphino )benzaldehyde 1.17 with 2-aminobenzenethiol, subsequently isolated the 
more stable five membered thiazole compound 1.18. 
H 
o::>-O 
p~p 
1.18 
4 
The structure of 1.18 was supported by IR and NMR data. Addition of excess base 
(NEt3 or NaOMe) and/or metal ions failed to open up the thiazole ring. Reaction of 
1.18 with salts of iron, cobalt and nickelled to mixtures ofuncharacterised products. 
The deprotonated ligand 1.19 was discovered by Sausa et al. as part of a series of 
experiments aimed at preparing metal complexes derived from Schiff bases of1.17. A 
1:1 mixture of 1.17 and 2-aminophenyl disulfide in acetonitrile with 
tetraethylammonium perchlorate was electrolysed using a zinc anode and platinum 
cathode. From the reaction mixture crystals were isolated, suitable for X-ray 
diffraction. The structure did not show the anticipated Schiff base ligand but rather an 
unexpected ligand 1.19, as part of a centrosymmetric binuclear zinc structure in which 
both zinc atoms were bridged by two phenol oxygen atoms, one from each ligand. 
During the electrochemical process the disulfide bond was reductively cleaved to a 
thiolate group and, following this, nucleophilic attack by this group on the imine 
carbon produced the thiazole ring as detailed in Scheme 1.1.23 
1.19 
Scheme 1.1 Electrochemical process showing the formation of1.19. 
Another class of ligand bearing functional groups related to the thiazole are those with 
imidazolyl substituents. Typically three imidazolyl groups are bound to a single 
phosphorus centre 1.20 - 1.25. These ligands 1.20 - 1.25 coordinate to a number of 
transition metals (e.g. Cu, Cd, Hg and Zn) via the heterocyclic nitrogen atoms leaving 
the central phosphorus atom non-coordinating. 24.25 
R=H, 1.20 
R=CH3 1.21 
~ NJ(CH3) oP c-f I ~ N CH 
3 3 
1.22 
5 
R=H, 1.23 
R=CH3 1.24 
R = CH(CH~2 1.25 
1.2.1.3 Coordination chemistry of non phosphorylated thiazole ligands 
As discussed above there are no reports of any complexes containing phosphorylated 
thiazole ligands. Contrastingly, numerous complexes exist in which non-
phosphorylated thiazole ligands are bound to a metal centre,26"37 some of which are 
detailed below. 
Angulo-Comejo and co-workers32 reported the synthesis of 1.26 and its coordination 
to Cu(II) 1.27 and Zn(II). Reaction with the corresponding metal(II) acetates in 
ethanolic solution gave 2:1 neutral metal chelates in which the ligand has undergone 
deprotonation (Eqn 1.2). 
EtOH + [Cu(0Ac)2].Hp -----;)loo.,. 
1.26 
Recrystallised 
fromDMF 
1.27 Eqn 1.2 
The ligand 1.28 was originally reported in 1962.33 Later Orvig and co-workers34 
described the coordination of 1.28 towards rhenium and technetium. Reaction of 1.28 
with [eBu)4N][MOBr4] (M = Re or Tc) afforded the complexes 1.29 and 1.30 in 
which the ligands coordinate through both nitrogen and oxygen donor atoms (Eqn 
1.3). 
s:) ~N + [(nBu)4N][MOX4] 
llAOH 
1.28 
6 
~:> cCN \~0 O-M-X 
/\ 
c~ 0 s~ 
M=Re,X=Br 1.29 V 
M= Tc, X= Cl 1.30 
Eqn 1.3 
A related system 1.31 has also been reported and its coordination towards technetium 
1.32 and rhenium 1.33 described. Again the ligand was found to bis coordinate via the 
nitrogen and oxygen atoms.35•36 Interestingly, in 1.33, one of the ligands is bis 
chelating to the rhenium metal centre, and the second tridentate Schiff base ligand, 
chelates via O,N,S donor atoms. 
~ 
s ~ I 
1.31 
-N I, ) s'OOo 
~s-0 
'=< 'N-v 
OH 
1.33 
The most recent report of a system containing a thiazole skeleton was by Grigg and 
co-workers?7 Here a series of benzothiazole palladacycles 1.34 - 1.39 were prepared 
from the appropriate benzothaizole38 and Pd(OAc)2 in acetic acid at 100-120 °C over 
2-5 h. Complexes 1.34 - 1.39 were investigated as catalysts for C-C bond formation 
e.g. Heck reactions. The palladacycles 1.34 - 1.39 were found to be efficient (non-
phosphine) catalysts with high turnover numbers proceeding under mild conditions 
with relatively short reaction times?7 
R 
':?' R' 
~I 
~()-Pd~, 
lJAc((~ 
2 
R = F, R' = H, R" = H 1.34 
R = H, R' = OMe, R" = H 1.35 
R = F, R' = H, R" = F 1.36 
R= CF3, R' = H, R" = H 1.37 
R=CF3,R'=H,R"=F 1.38 
R = OMe, R' = H, R" = H 1.39 
7 
1.2.2 Functionalised tertiary phosphines bearing an ether group 
Ether functionalised tertiary phosphines are an extensively studied class of oxygen 
containing functionalised ligands. The oxygen donors may be part of a chain 
R2P(CH2)0R' (R = H, CH3; R' = H)3941 (e.g. 1.40), incorporated into a cyclic ether 
ring (e.g. 1.41-1.46), or a polyether tertiary phosphine (e.g. 1.47 and 1.48).4·4245 
/'....../OR ~p~ ~PJJ ~p 0 0 1.40 
1.41 1.42 
R,Pb) ~p~ ~P~o 0_) 0 
1.43 1.44 1.45 
~ ~p 0 ~p/'....../0~0/ ~P~o~P~ 
1.46 1.47 1.48 
The ligands 1.40 - 1.48 coordinate solely through the phosphorus or both phosphorus 
and oxygen donor atoms. Lindner et al. 4•4245 extensively studied the coordination 
chemistry of ether modified tertiary phosphines. Ether phosphines react 
Cl 
CP ... I , ... P) .,,, ,, 0 _..;ju--....0 · 1.49 
Cl ! (ii) 
c: 
CP = P~PJ) 0 0 
(i) 
P-0 
Cl·..... I .... eo 
,,, ,,, 
'''R ci,........--(~co 
P-0 
(iii) 
Cl 
eo..... I , .... P-o 
,,,, ,, 
'Ru 1.50 
P-o_....,.....l "eo 
Cl 
1.51 
Scheme 1.2 (i) [RuCh(PPh3)3] (ii) 2 CO (iii) heat. 
8 
with [RuCh(PPh3)3] to form his-chelate complexes trans-[RuCh(P-0)2] 1.49. The 
Ru-0 bonds are readily cleaved with CO to give trans-[RuCh(P-0)2(C0)2] 1.50 
(Scheme 1.2). When the reaction is performed at high temperature and elevated 
pressure the thermodynamically more stable complex 1.51 is formed.4·43·45 
Reaction of [PdCh(cod)] with 1 equivalent of ether phosphine P~O (e.g. 1.41) yields 
the palladium dimer 1.52. Reaction of 1.52 with a second equivalent of P~O gives 
trans-[PdCh(P-0)2] 1.53. Alternatively 1.53 can be synthesised directly by reaction 
of 2 equivalents of 1.41 with [PdCh(cod)]. Chloride abstraction with Ag[Cl04] 
resulted in the formation of the cationic species 1.54 (Scheme 1.3). In contrast, 
chloride abstraction with Ag[SbF6] forms the dicationic species 1.55. Further reaction 
of 1.55 with MeMgCl results in Pd-0 bond cleavage to afford the methyl( chloride) 
complexes [Pd(CH3)Cl(P-0)2]. Reaction with PhCH2MgBr affords the cationic 
complexes [PhCH2Pd(P~0)2]Cl04 in which one of the ligands is solely P-
coordinating. 
Cl......__ ,.Cl, .... P-0 
Pd ,....Pd 
o-P,....... 'et 'et 
1.52 
~ (iii) 
Cl, ,.....P~O 
Pd 
Cl/ 'P-0 
1.53 
~(vi) 
(iv) 
.... 
et, ,....P ):::-1 + 
Pd 
o-P/ 'o 
1.54 
(v) 
CP, ,....P)::-1
2
+ 
/ Pd ~----------~ o 'o 
1.55 
Scheme 1.3 (i) P-0 (-cod) (ii) 2 P-0 (-cod) (iii) P-0 
(iv) Ag[Cl04] (v) Ag[SbF6] (vi) 2 Ag[SbF6]. 
9 
1.2.3 Functionalised tertiary phosphines bearing an aldehyde group 
Chan and Kwong46 reported a palladium catalysed phosphination using readily 
available triarylphosphines as the phosphinating agent and functionalised aryl 
bromides as a route to synthesise functionalised aromatic phosphines (Eqn 1.4). 
('YBr 
R~ 
10 mol% Pd(OAc)2 
DMF 110° C 
('Ypp~ 
R~ 
R=CHO 1.56 
COCH3 1.57 
C02CH3 1.58 
Eqn 1.4 
Previous syntheses of 1.57 and other ester containing phosphorus ligands required a 
longer synthetic pathway.14•47•48 Chan and Kwong46 also reported that different 
triarylphosphines can be used as the phosphinating reagent, so a variety of different 
substituted phosphines can readily be prepared through this direct methodology. 
In 1995 Ainscough et al. reported some coordination studies of 1.17 and a more 
extensively studied analogue in which the aldehyde group is ortho with respect to the 
PPhz group.14 
1.17 
The ligands 1.56 and 1.17 were found to coordinate in a monodentate fashion through 
the phosphorus atom only. Reaction with [M(C0)6] (M = W or Cr) gave the 
complexes [M(C0)5L] (M= W, L = 1.56 or 1.17, M= Cr, L = 1.56).16 
1.2.4 Functionalised tertiary phosphines bearing an ester group 
In addition to known examples of aromatic functionalised ligands there are also alkyl 
functionalised phosphines, RzP(CHz)nCOzR' (R = 1Bu, iPr, Ph; R' =Me, H).49"51 The 
interest in these hemilabile ligands is principally due to their importance in 
homogeneous catalysis. 52-55 In most studies bifunctional P,O-chelating ligands such as 
phosphino-ethers, esters and ketones have been employed. 56•57 
10 
Keim et al. have published a series of palladium allyl complexes with a range of 
hemilabile P ,0 ligands and investigated their use as catalysts for the codimerisation of 
ethylene and carbon monoxide. The neutral and cationic palladium alkyl complexes 
were prepared using ( diphenylphosphino )carboxylic acid esters or 
(diphenylphosphino)carboxylates as ligands (Eqn 1.5 and Scheme 1.4). 
!-· /ly \.Pdx 
2 
+ (i) )loo 
n = 1 1.59 
n = 2 1.60 
n = 3 1.61 
Eqn 1.5 
p~ I [SbF6] 
(ii) .. (1>/JH,~ 
'\ O OR 
n = 1, R = Me 1.62 
n = 2 R = Et 1.63 
n = 3 R = Et 1.64 
The investigation of their catalytic properties for C-C formation of ethylene with 
styrene58 or carbon monoxide59 showed a distinct difference for anionic vs neutral 
P,O-ligands with cationic complexes 1.62 -1.64 displaying the best performance. 
Shaw and co-workers60 reported the synthesis of bulky ester modified phosphines 
1Bu2P(CH2)nC02Et (n = 1-3, 1.65 -1.67) and compared their coordination to platinum 
and palladium chemistry with the less bulky phosphines Ph2PCH2C02Et and 
Ph2PCH2C02H.61 Ligands 1.65 -1.67 were prepared by treating di-(1butyl)phosphine 
with the appropriate bromo-ester in acetone or ethyl methyl ketone and subsequent 
treatment of the phosphonium salt with sodium acetate. The reaction of 1.65 - 1.67 
with Pt(II), and to a lesser extent Pd(II), Rh(III) and Ru(II) was investigated. 
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Treatment of trans-[MCh(NCPh)2] (M = Pt or Pd) with 2 equivalents of 1.65 gave 
trans-[MCh(l.65)2] (Eqn 1.6). 
Eqn 1.6 
Attempts to prepare the platinum(II) iodide analogue of 1.68 by metathesis with Nal 
in acetone gave a mixture of products. Performing the reaction with Nal in boiling 
ethanol for 5 h gave the 0-metallated product 1.70a and 1.70b (Eqn 1.7). 
+ Nal EtOH)IIr 
~.sh 
1.70a 1.70b 
Eqn 1.7 
Addition of Na(02CMe) to 1.70 afforded trans-[Pt(OCOCH2PBu'2-P,0)2]. In an 
analogous reaction to that shown in Eqn 1. 7, 1.66 and 1.67 were reacted with 
[PtCh(NCBu')2] to give yellow trans-[PtCh(L)2] (L = 1.66, 1.67) complexes. Similar 
observations were noted for the corresponding palladium complexes. 
Treatment of RhCh.3H20 with 1.65 gave the cationic species 
[RhCh(Bu2PCH2C02Et-P,0)2t 1.71 isolated as the tetraphenylborate salt (Eqn 1.8). 
Contrastingly, reaction of 1.66 and 1.67 with RhCh.3H20 affords the paramagnetic 
rhodium(II) species [RhCh(1.66)2] or [RhCh(1.67)2]· This reaction has also been 
observed for other bulky phosphines e.g. 'Bu2PR (R = Me, Et, Ptt) or 
P(C6HtMe-2)J. 62'63 
12 
0 -Et I+ 
0~ 
Cl, 1 ... P'Bu 
'BuP ...... ~"Cl 
(ijO 
T 1.11 
Et-0 
Eqn 1.8 
Rauchfuss et al. 64 reported the synthesis of 1. 72 (HacacP) in 65% yield via a three 
step route (Eqn 1.9) by condensation of the methyl ester 1. 73 with 
K[CH2COC(CH3)3]65 followed by acidification. Reaction of 1.72 with 
H 
.· ' PPh2 0 0 I 
Bu1 
1.73 1.72 Eqn 1.9 
[Cu(MeCN)4]Cl04 in the presence of triethylamine afforded [Cu(1.72)]2 1.174 in 
which 1. 72 behaves as an anionic P, 0, 0-tridentate ligand (Eqn 1.1 0). The complex 
1.174 was characterised by IR, NMR spectroscopy and X-ray crystallography which 
confirmed a trigonally coordinated copper(l) complex. 
'Bu 
0 0 
MeCN 
1.72 + [Cu(MeCN)4]Cl04 ,.. 
E~N 
Bu' 
1.74 
Eqn 1.10 
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Following the initial report of 1.72 and its coordination to copper, Rauchfuss66 
described the synthesis of novel heterobimetallic compounds containing both 'hard' 
and 'soft' metals as a consequence ofthe electronically dissimilar metal binding sites. 
Reaction with [PtCh(cod)] afforded 1.75, further reaction with [Cu(02CR)2] gave the 
mixed bimetallic complex 1.76 (Scheme 1.5). 
~ 
But But 
!)\) I 0 Cl PP~ 0. ,0 (ii) "~ 1 ......._ / .H )loo Pt )loo Pt / \.. .H, 
c/ 'c1 Cl PP~ o· o 
I 
Bu1 But 
1.75 1.76 
Scheme 1.5 (i) 2 equiv. 1.73 (ii) [Cu(02CR)2]. 
1.3 Functionalised (Phosphino )amine Ligands 
There are very few examples in the literature of mono(phosphino )amine ligands and 
furthermore, their associated coordination chemistry. Although numerous examples 
exist for both phosphines and phosphites, few groups have utilised the ease of P-N 
bondforming reactions to synthesise (phosphino )amines. In addition, examples in 
which functional groups are incorporated into the carbon backbone are scarce. 
1.3.1 (Phosphino )amine ligands with no functionality 
In 1966 Hudson et al. 61 reported the synthesis of 1. 77 by addition of aniline in dry 
benzene to a solution of chlorodiphenylphosphine (Eqn 1.11 ). 
p~ + P~PCl P~P-N(H)Ph 
1.77 
Eqn 1.11 
A series of reactions of polyhalogen compounds with 1. 77 was described but no 
coordination studies with transition metals were reported. Later in 1984 some 
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trinuclear osmium complexes containing 1.77 were reported by Gray.68 The complex 
[Os3(CO)u{PPh2N(H)Ph}] 1.78 was not obtained directly from 1.77. Instead the 
synthesis of 1.78 was achieved by pyrolysis of B2RtN4P2Ph2 with Os3(C0)12. The 
initial reaction gave a mixture of three products 1.78- 1.80 (Eqn 1.12) which could 
be separated by TLC. 
Ph Ph 
N........._HvN 
I B \ + Os3(C0)12 +:.,....--N,:,...N~+ 
Ph p Ph B Ph PPh 
2 H2 2 I pressure vessel 
.130 °C, 15 h 
(C0)3 (C0)40s~ps-Pf~ 
Os N(H)Ph 
(C0)4 
1.78 
(C0)3 
(C0)40s~ps-Pfh2 
(C0)4?s N(H)Ph 
PPh 
N(H)Ph....- 2 
1.79 
Ph2P-NPh 
I /~C0)2 N(H)Ph 
(C0)40s\J/ \-PPh2 
Os-H 
(C0)3 
1.80 
Eqn 1.12 
After the initial report of 1. 78 an alternative route involving ligand displacement was 
employed. This involved reaction of 1.77 with [Os3(CO)u(NCMe)]69 in CH2Ch for 
15 h. After purification by TLC and recrystallisation 1. 78 was obtained in a 
considerably higher yield of 78%. 
Siiss-Fink70 reported the synthesis of [Mo(C0)5{PPh2N(H)Ph}] 1.81 by reaction of 
[Mo(CO)s(PPh2Cl)] with aniline in thf (Eqn 1.13). Analogous to the initial synthesis 
of 1.78 this molybdenum complex was not obtained directly from coordination of 
1.77. 
[Mo(C0)5(PP~Cl)] + ~NPh [Mo(C0)5 {PP~N(H)Ph}] 
1.81 
Eqn 1.13 
Using the same method for the synthesis of 1.81 [Mo(CO)s{PPh2N(H)C6l!t-p-OMe}] 
was synthesised incorporating the new mono(phosphino)amine 1.82.68 
H~~OMe p~p~-
1.82 
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Employing the same method ofligand synthesis as described for the synthesis of 1.77, 
1BuN(H)PPh2 1.83 and 2,6-(CzHs)zC6H3N(H)PPhz 1.84 were prepared by Sisler and 
Smith.71 The phosphorus(V) sulfides of 1.83 and 1.84 were also discussed although 
no coordination chemistry of these ligands was documented. 
1.3.2 (Phosphino )amine ligands with an amine substituent 
1.3.2.1 -Dimethylamino functionalised ligands and complexes (R2 = Me2) 
Burrows and co-workers72 recently reported the synthesis and reactivity studies of a 
series of (phosphino)amines containing a dimethylamino functionality in the carbon 
backbone. The ligands were synthesised via two routes (Eqn 1.14 and 1.15). 
1.85 
Eqn 1.14 
Ph2PC1, E~N -~-.....;;...._~)loo~ PhzPN(Me)CRzCRzNMe2 
1.86 
Eqn 1.15 
The ligands 1.85 and 1.86 were found to P-monodentate or P,N-bidentate coordinate 
to platinum(II). Furthermore, in compounds containing only phosphorus bound 
ligands, the non coordinated nitrogen atoms can complex to other metals, thereby 
forming heteronuclear bimetallic species. 
1.3.2.2 Pyridyl functionalised (phosphino )amine ligands 
There are relatively few examples of pyridylphosphines in which the donor atoms are 
separated by an amino spacer compared to those in which a carbon spacer is present. 
In 1967 the synthesis of 2-(diphenylphosphinoamino)pyridine 1.87 was reported, 
H H 
p I " ON N, ... NUN 6 ~ 
1.87 1.88 1.89 
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along with 1.88 and 1.89. The ligands 1.87 - 1.89 were used to prepare a series of 
Cr(III), Mn(II), Fe(II), Co(II), Cu(l) and Zn(ll) complexes bearing different numbers 
of these ligands.73 
Seidel published the synthesis of a neutral Ni(II) species 1.90 containing deprotonated 
1.87.74 Deprotonation of the ligand with PhLi, followed by treatment with anhydrous 
NiBr2, gave 1.90 in 20% yield. Subsequent treatment of 1.91 with Nl4[SCN] or 
NI4[Cl04] gave the cationic complex 1.91 (Eqn I.I6). 
Q 
N N I , 
Ph;P-~i-PP~ 
~ I N'ON 
~ 
1.90 
Q I [CIOJ2 
N NH I , 
Ph;P-~i-PP~ 
~ I HN'ON 
~ 
1.91 
Eqn 1.16 
Later, in I970, Ainsclough and Peterson resynthesised 1.87 and its 4-methylpyridine, 
6-methylpyridine analogues and their sulfur and selenium derivatives. The 
nonoxidised ligands were used to prepare I: I metal to ligand complexes of Ni(ll), 
Co(ll), Hg(II), Pd(II), I :2 metal to ligand complexes of Ni(II), Co(II), Hg(II), Ag(I) 
and I :3 metal to ligand complexes. These complexes were characterised by 
conductivity, magnetic moment and solution molecular weight measurements, IR, 
visible absorption spectra and 1H NMR.75 
Scheme 1.6 (i) [AuCl(tht)], CH2Ch (ii) Ag[Cl04], CH2Ch. 
I7 
(i) 
M=Pt orPd 
1.92 M=Pt 
1.93 M=Pd 
[Cl] 
(ill) 
1.100M=Pt 
1.101 M=Pd 
[X] 
1.94- 1.97 
M= Pt, X= Br M= Pt, X= I 
M=Pd, X=Br M=Pd,X=I 
r--t\ P~P, ,.,~J 
p~{)J 
1.98M=Pt 
1.99M=Pd 
Scheme 1. 7 (i) Ph2PN(H)py, MeCN (ii) KBr or Nal, acetone (iii) 1BuOK, MeOH 
(iv) Ag[BF4], CH2Ch (v) HBF4·0Et2, CH2Ch. 
[Cl] 
'BuOK ,.. 
MeOH 
18 
~P, ,Cl 
M R,PkJ:) 
M= Pt 1.104 
Pd 1.105 Eqn 1.17 
More recently Woollins et al. described extensive oxidation and coordination studies 
of 1.87.76 These workers investigated what differences the secondary amine spacer 
group between the P and N donor sites would have on the coordination chemistry of 
1.87 and whether the added flexibility would favour simple chelation over bridging or 
P-monodentate coordination modes compared with 2-( diphenylphosphino )pyridine. 
The ligand 1.87 was used to prepare a range of Pt(II), Pd(II) and Au(I) complexes 
1.92 - 1.103 (Scheme's 1.6 and 1.7). Ligand 1.87 exhibits a variety of coordination 
modes including P-monodentate and P,N-bidentate. Further coordination studies 
showed that 1.87 undergoes deprotonation and formation of [Ph2PNPy r (Scheme 1. 7 
and Eqn 1.17). The complexes were characterised by multinuclear NMR spectroscopy 
and X-ray crystallography. 
Lindner et al. 77 studied the ligating behaviour of 1.88 (and its congeners 1.106 and 
1.107 containing 0 and CH2 spacers instead) towards group 6 metal carbonyls. The 
ligands 1.88, 1.106 and 1.107 were found to act as facial tridentate donors forming 
two slightly distorted five membered rings as indicated in the crystal structure of 
[W(C0)3{PhP(NHpy)2-N,P,N}]. These group 6 carbonyl complexes were found to 
catalyse the homogenous homologenation of methanol to ethanol. 
p I "" erN x, ..... xUJN 6 ~ X=NH 1.88 X= 0 1.106 X= CH2 1.107 
Brunner and Wiber reported the synthesis of a series of optically active phosphorus 
nitrogen donor ligands including the pyridine based (phosphino )amine 1.108 and their 
reactivity towards [ {Rh(J.t-Cl)( cod) }2] to form the stable chelate complex 1.109 (Eqn 
1.18).78 
~Me 
...,.N--(11 H 
p~p Ph 
[ {RhCl(J.t-Cl)( cod) }2] 
1.108 
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R I[PFJ 
~ 'p-N~Me 
p~ \'''H 
Ph 
1.109 
Eqn 1.18 
1.3.2.3 Thiazole functionalised ligands 
The first thiazole functionalised (phosphino )amines described were the 
phosphorus(V) oxides 1.110 and 1.111.79 The reaction of diphenylphosphinic acid 
with the appropriate thiazole gave the phosphorus(V) oxides 1.110 and 1.111. As with 
the previously described systems no coordination studies were documented. 
N [~~ 
S ,,PP~ 
0 
1.110 1.111 
Further ligand systems of the type 1.112 and 1.113 have been reported (Eqn's 1.19 
and 1.20), although again no coordination chemistry was cited.80•81 
~N~~ + POC13 Eto~S 
0:)-NH, + (RO),P(O)H o=N c;? ~N-P:'OR S H OR 
R =Et, npr, 'Pr, Bu, allyl 
1.113 
Eqn 1.19 
Eqn 1.20 
Additional thiazole functionalised phosphite ligands of the type 1.114 were reported 
by Grishna in 1987.82 The phosphorus(III) ligands were prepared by reaction of 2-
aminothiazole with dialkyl phosphorochlorinates in the presence of triethylamine 
(Eqn 1.21). 
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~N~~ ~S 'P-OR 
, 
OR 
R =Et, 'Pr, Bu 
1.114 
Eqn 1.21 
The synthesis of the corresponding sulfides of the type 1.115 were also described 
(Eqn 1.22). The 31PeH} NMR of 1.115 displayed a downfield shift of ea. 70 ppm 
with respect to the phosphorus(III) ligands [typically B(P) 132 ppm, 3 (P(s)) 64 ppm]. 
~N~~ + S 
v-.s 'p-oR 
I 
OR 
1.114 
~N~il~s 
v-.s P" 
I 'oR OR 
1.115 
Eqn 1.22 
Cates and Lemke83 reported the synthesis of a thiosemicarbazide 1.116 via a 
conventional condensation reaction as part of a range of 
phenylphosphono(thio )dihydrazides 1.117 and phosphorylated thiosemicarbazides 
1.118 for anticancer testing. 
N (8h~o P, 
, 0 60 
1.116 
X=O,S 
R = N(H)N(H)C6H5, 
N(H)C5H10N 
1.117 
0 s 
11 11 (RO)-P-N_!L_N-R' 2 H H 
R=Et, C6H5 
R' = C5H10N, C4H8NO 
1.118 
1.3.3 (Phosphino )amine ligands with a phosphine substituent 
Woollins et al. 84 reported the synthesis of the unsymmetrical ligand 
Ph2PN(H)C6~PPhz 1.119. This was obtained from the reaction of (2-
diphenylphosphino)aniline with nBuLi followed by addition ofPhzPCl (Eqn 1.23). 
1) nBuLi 
Eqn 1.23 
The coordination chemistry of 1.119 to Rh(III), Ru(II), Ir(III) and Os(II) was 
investigated and found to afford the complexes 1.120 - 1.124. The ligand coordinates 
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via only the N(H)PPh2 moiety of 1.119 in complexes 1.120 - 1.124. However stirring 
in CHCh or MeOH/CHCh gave the P,P '-bidentate complexes 1.125 - 1.129 (Scheme 
1.8). 
PP~ H 6 N Cl, ,....Cl. ,...arene 'pp~+ M M . ,.. 2 arene"' 'c( 'cl (t) &pp~ H q-p~ I [Cl] N,~~M/arene_---;,...,.. P, .,arene (ii) ,.M~ c{ "et N-P Cl 
1.120 - 1.124 H p~ 
1.125 - 1.129 
Scheme 1.8 (i) thf (ii) CHCh or CHCh/MeOH. 
1.3.4 (Phosphino)amine ligands with ether functional groups 
Burrows and co-workers85 reported the synthesis and reactivity studies of a series of 
ether functionalised (phosphino )amines 1.130 - 1.133 via a simple P-N bond forming 
reaction (Eqn 1.24). 
P~P, ~ 
N-C 
, ' 
H C-OMe 
~ 
1.130 
Ph2PC1, Et3N NH2R ,... Ph2PN(H)R 
P~P, ~ 
N-C l-1 
, ' ~""2 
H c-c 
~ O-CH3 
1.131 
P~P, ~ 
N-C 
, ' 
Eqn 1.24 
H HC-OMe , 
M eO 
1.132 
The platinum and palladium chemistry of 1.130 - 1.133 has been reported. The 
monosubstituted ether functionalised (phosphino )amines were found to react with 
[MCh(cod)] (M= Pt, Pd) to form [MCh(L)2] in near quantitative yield. The platinum 
complexes were typically cis whilst the palladium complexes were isolated as 
mixtures of cis and trans isomers. A number of examples were characterised by single 
X-ray crystallography.85 
1.3.5 (Phosphino)amine ligands with an ester functional group 
Woollins and co-workers86 reported the synthesis of a chiral (amino)phosphine with 
an ester group incorporated into the chiral backbone. Reaction of R-alanine methyl 
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ester with diphenylchlorophosphine in the presence of triethylamine gave R-
Ph2PN(H)CH(CH3)C(O)OCH31.134 in good yield (90%) (Eqn 1.25). 
P~PCl 
~NC(H)(CH3)C02Me ,.. P~PN(H)C(H)(CH3)C02Me 
1.134 
Eqn 1.25 
The ligand 1.134 was found to react with [MCh(cod)] (M= Pt, Pd) affording different 
products. The reaction with [PtCh(cod)] gave the cis square planar complex 1.135. 
Using the same reaction conditions with [PdCh(cod)], a binuclear complex 1.136 was 
formed instead. Both 1.135 and 1.136 were characterised by X-ray crystallography. 
(1.134) (1.134) 
" / Pt 
c( 'c1 
1.135 
(1.134) Cl Cl 
" .... ' , Pd ,Pd 
/ ' , ' Cl Cl (l.l34) 
1.136 
1.3.6 (Phosphino )amine ligands with a phosphine oxide group 
The mono oxide of dppa 1.137 is readily prepared by oxidation of dppa with aqueous 
H202 in thf. The neutral ligand 1.137, containing a 'hard' oxygen and 'soft' 
phosphorus donor, can act as a unidentate ligand with coordination solely through the 
P(III) atom 1.138-1.145 (Scheme 1.9).87"89 
In addition 1.137 was shown to coordinate to a number of metals affording five-
membered metallacycles of the generic structure MPNPE. 87'88,90 Rossi et al. 91 reported 
rhenium complexes with Ph2P(O)N(H)PPh2 and the deprotonated [Ph2P(O)NPPh2r 
ligands from [AsPl4][ReOCl4] and Ph2PN(H)PPh2. A cobalt(!) complex with a 
chelating dppa and a unidentate P-bound 1.137" ligand has been prepared.92 
Furthermore the complexes 1.140 - 1.145 can be deprotonated with tBuOK to form 
either P,O-chelate complexes or P,O-bridging complexes (Scheme 1.10).93 
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® 
M 
et' 'pp~ 
I 
0, O, N 
'PPh 'P .... 'H 
I 2 Ph 
H-N, 2 
~ Cl 0 ~ I \\ -· Pd PPh .... \ I .a"2 P-N 
P~ ll 
1.139 p~:~i{:: 1.11:: 
' N Cl 0 H-N ~vi) ~~ ('~ ~~ 0 H I ' I 
1.145 ~ 7iii) C PP h N, 
Ph P.... 'pph .. 2 H 
2 11 .. '2 
Cl 0 
+u (v) / I (iv) 
PPh2 / 0 f 
I '' O~p,...N 'H P~P, p~ Cl 
p~ ,N-P,Rh H 
1.144 H / ' I CO P-N p~ 'pph 
1.143 0, .. '2 
C-N = C9H12N 1.140 
= C1Jf8N 1.141 
= C12H12N 1.142 
Scheme 1.9 (i) [{M(J.l-Cl)(cod)h] (M= Rh, lr) (ii) [Pd(J.1-Cl)(T}3-C3Hs)h] (iii) 
[{Pd(J.l-Cl)(N-C)h] (iv) [{Rh(J.1-Cl)(C0)2h] (v) [AuCl(tht)] (vi) [PtCh(cod)] 
'BuOK 
~• Cl 0 I \\ -Pd PPh \ I 2 ' P-N 'BuOK 
Ph2 H 
,M, 
O. ,PPh2 \\_.]I 
P-N 
Ph2 
Ph2/~=P.~ 
p .• • ··.0 
<-+ ~~-> 
0'•, .. ·p 
-.. ·-----· / Ph2 P-N 
Ph2 
Scheme 1.10 Ring closure reactions of metal complexes containing 1.137. 
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In an alternative approach to P-N bond formation Kuchen et al. reported the synthesis 
of a series of phosphinic amides and discovered the best yields were obtained via the 
route of shown in Scheme 1.11, followed by oxidation with aqueous H202. 
R~ (i) .. R'N(H)Li (ii) .. ~P-N(H)R' (iii) .. 
0 
11 
Rj-N(H)R' 
0 
11 
Ph2P, ... H N 
I 
'Pr 
1.146 
0 
11 
Ph2P, ... H N 
I 
Cy 
1.147 
0 
11 
P~P,N .. H 
I 
'Bu 
1.148 
Other derivatives of the type R2P(O)N(H)R' (R = 1Bu, ;Pr, R' = ;Pr, Cy, 1Bu) were also 
reported, in addition to the phosphinothioic amides R2P(S)N(H)R'. Furthermore there 
are many other phosphorus(V) systems discussed in the literature.94•95 Although no 
complexation of these systems were reported, their use in enantioselective 
addition,96•97 diastereoselective reduction of ketones98 and peptide synthesis has been 
documented. 
1.3.7 Miscellaneous (phosphino)amines 
Using the same method employed for the synthesis of 1.81 and 1.82 (Section 1.3.1) 
Gray et al. 99 described a route to heteronuclear complexes of the type 1.149. The 
complexes were prepared by the sequence of reactions outlined in Scheme 1.12. 
(i) [Mo(CO)s(P~Cl)] __ ____:.;____ _ 
HyQ 
(C0)5MoP~N(H)C~C~N, .0 
M 
o' 'Nc~C~N(H)P~Mo(C0)5 
&'" 
1.149 
R=Ph 
M=Co,Ni,Cu 
[Mo(C0)5{P~N(H)C~C~~}] 
~ (ii) 
(iii) 
~
OH NC~C~N(H)P~Mo(C0)5 
6t" 
Scheme 1.12 (i) H2NCH2CH2NH2 (ii) a-salicylaldehyde (iii) MX2, Base. 
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Hiroi and eo-workers reported the synthesis of chiral (phosphino )amine sulfoxides 
1.150 and 1.151 as part of a study investigating the use of chiral sulfoxide ligands as 
the chiral source in asymmetric synthesis.100 The use of 1.150 and 1.151 were shown 
to improve the enantioselectivity of the reaction compared to other sulfoxide ligands 
described. 
o. _;p-Tol 
cc:~pp~ 
1.150 
1.4 Functionalised Bis(phosphino )amines 
1.4.1 Bis( diphenylphosphino )amine 
M eO 
1.151 
Bis(diphenylphosphino)amine, Ph2PN(H)PPh2, 1.152 1s isoelectronic with 
Ph2PCH2PPh2 and has generated much interest since its initial report. The 
bis(phosphino )amine demonstrates similar coordination versatility to Ph2PCH2PPh2, 
both in its neutral form and as the anion [Ph2PNPPh2]". Oxidation of the phosphorus 
atoms to generate new ligands and metallocycle formation are two features which 
1.152 has in common with Ph2PCH2PPh2, although several differences in their 
reactivity has also been uncovered.101 
1.4.1.1 Ligand synthesis and oxidation of 1.152 
The condensation of hexamethyldisilazane with chlorodiphenylphosphine gives 1.152 
in good yield (Eqn 1.26).102 
+ 2P~PC1 
H 
I 
p~p,...N'pp~ 
1.152 Eqn 1.26 
The scope of the reaction illustrated in Eqn 1.26 is however of limited synthetic 
utility103·104 primarily because of the lack of suitable silylamines. 
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The phosphorus(III) donor atoms of 1.152 can sequentially be oxidised accessing a 
range ofpotentialligands. Partial oxidation affords Ph2P(E)N(H)PPh2 (E=O, S or Se) 
whereas double oxidation yields Ph2P(E)N(H)P(E)Ph2 (E=O, S or Se).105·106 The 
disulfide [HN(P(S)Ph2)2] was first synthesised by Schmidpeter et a/. 101 and recently, 
reaction of grey selenium with 1.152 was shown to give [HN(P(Se)Ph2)2].106 The 
mixed ligands [Ph2P(O)N(H)P(E)Ph2] (E = S, Se) and [Ph2P(O)NP(E)Ph2r have also 
been documented and their coordination chemistry investigated.108"111 
1.4.1.2 Coordination modes of 1.152 
Of the numerous known transition metal complexes of 1.152 the formation of the 
four-membered M-P-N(H)-P metallacycle in which the diphosphine ligand chelates 
is most prevalent.112"114 In addition the amine proton of 1.152 is acidic and readily 
deprotonated upon addition ofbase (e.g. LiBun) affording lithium salt Li[Ph2PNPPh2]. 
Transmetallation provides a good entry to metal complexes of [Ph2PNPPh2r115, which 
alternatively are formed by deprotonation of a chelated metal complex containing 
1.152 with base.113 In contrast to the monochalcogenide chemistry (discussed in 
Section 1.3.6), compounds of Ph2P(E)N(H)P(E)Ph2 (E = 0, S, Se) in which the 
neutral ligand chelates, are not very well documented. 116"118 However the 
corresponding anions [R2P(E)NP(E)R2]" (R =Me, Ph, OPh, but not all permutations) 
have been extensively studied and form stable six membered M-E-P-N-P-E 
metallacycles.120"129 Recently unsymmetrical systems of the type R2'P(E)N(H)P(E')R2 
and their coordination towards platinum, palladium and zinc have been reported. 130 
These anions are excellent chelating agents for a wide range of transition metals and 
have found important use as metal extractant agents. 131 Examples of selected metal 
complexes of the anionic ligands [Ph2P(E)NP(E)Ph2r with various transition metals 
will briefly be discussed. 
The anion [Ph2P(O)NP(O)Ph2r was found to form cis octahedral complexes with 
molybdenum 1.154. The compound 1.154 was synthesised by the reaction of 1.153 
with 3 equiv. of Bu10H in thf at room temperature gave 1.154 in 36% yield (Eqn 
1.27).132 
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P~P,...N~pp~ 
11 I 
0 .. ·.0 
Mo 
et' 1 ·cl Cl 
1.153 
Bu'OH, thf 
.... 
Ph2...-:N 
P"l 
Ph2 0 ,fPh2 
.... P=O .. I .0 
N... ,Mo 
'P-O 11 ·cl 
Ph2 0 
1.154 
Eqn 1.27 
The first investigation into the coordination chemistry of Ph2P(S)N(H)P(S)Ph2 1.155 
was reported in 1978. Refluxing 1.155 with a metal dihalide afforded a range of 
complexes of the type 1.156.116 
H 
I 
p~p,...N'pp~ 
11 11 base s s 
MX2, M = Co, X = Cl, Br, I 
M=Cu,X=Br 
~MX4, M = Pt, X = Cl, Br, SCN 
M = Pd, X = Cl, Br, SCN 
P~~;::S, ,S-::~p~ 
N{ M }N 
' ' I ' .. 'I p~p::.:s s::. PP~ 
1.156 
Eqn 1.28 
Although there are no known examples of metal complexes with the neutral 
asymmetric ligands R2P(O)N(H)P(S)R2, incorporating a 'hard' oxygen atom and a 
'soft' sulfur atom, examples of [R2P(E)NP(E')Rr have widely been investigated and 
reviewed.129·133•137 Woollins et a/. 111•109 reported the synthesis ofK[Ph2P(O)NP(E)Ph2] 
(E = S, Se) and their coordination towards platinum(II) and palladium(II). The mixed 
oxygen- selenium compound Ph2P(O)N(H)P(Se)Ph2 1.157 was prepared from 1.137 
and grey selenium in thf (Scheme 1.13). Likewise, reaction of 1.137 with Ss in thf 
gave Ph2P(O)N(H)P(S)Ph2 1.158. Furthermore the mixed sulfur selenium compound 
Ph2P(S)N(H)P(Se)Ph2 1.159 was synthesised from Ph2P(S)N(H)PPh2 and elemental 
Se. 
H 
I 
p~p .... N'pp~ 
1.152 
(i) (ii) 
1.137 
Scheme 1.13 (i) H202, thf (ii) E = Se, S, thf. 
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H 
I 
p~p .... N'pp~ 
11 11 
0 E 
E= Se 1.157 
s 1.158 
---------------------------------
Deprotonation of the acidic proton in 1.157 or 1.158 with KOBu1 in methanol gave 
the potassium salts K[Ph2P(O)NP(E)Ph2] (E = S, Se) (Scheme 1.14). Transmetallation 
of the potassium salts with [PdCh(cod)] or Na2[PdCl4] in methanol affords complexes 
[Pd{Ph2P(O)NP(E)PhrO,E}2] (E = Se 1.159, or S 1.160) (Scheme 1.14), in which 
two ligands are O,E chelated to the palladium centre. 
H 
I 
p~p .... N'pp~ 
11 11 
0 E 
(i) (ii) 
Scheme 1.14 (i) 1BuOK (ii) [PdCh(cod)] or Na2[PdCl4], MeOH. 
Reaction of 1.158 with HBF4.0Et in CDCh gave the new dicationic complexes 
[Pd{Ph2P(O)N(H)P(E)Ph2-0,E}2][BF4] (E =Se 1.161, S 1.162) in which the ligands 
have been protonated at the nitrogen (Eqn 1.29). 
E= Se 1.161 
s 1.162 
Eqn 1.29 
The palladium and platinum complexes [M{Ph2P(Se)NP(Se)Ph2-E,E}2] have been 
readily synthesised. The reaction of [Ph2P(Se)N(H)P(Se)Ph2] with [PtCh(cod)] 
affords [Pt{Ph2P(Se)NP(Se)Ph2-Se,Se}2] by direct coordination and deprotonation. 
However, with [PdCh(cod)] 1BuOK is required to obtain the corresponding complex 
[Pd {Ph2P(Se )NP(Se )PhrSe,Se }2]. 
Reaction of 1.155 with [AuCl(tht)] was found to give the four coordinate square 
planar complex [AuCh{Ph2(S)P}2N] 1.162 (Eqn 1.30).138•139 
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H 
I 
p~p,..N 'pp~ + [AuCl(tht)] 
11 11 
s s 
1.4.2 Other bis(phosphino )amine ligands 
Cl, ,S-::~r~ 
Au ,:N 
c1" '8:::j>p~ 
1.162 
Eqn 1.30 
In addition to the mono-(phosphino)amines described in Section 1.3, a number of di-
(phosphino)amine ligands with two Ph2PN(H}- moieties have also been reported. 
1.4.2.1 Synthesis of ligands with no functionality 
Lindner et al. 140 reported the synthesis of a ditopic di(phosphino )amine 1.163 and its 
reaction with [Mo(C0)4(nbd)] to form metal-containing heterocycles. The ligand 
1.163 was prepared via the method previously discussed involving the reaction of the 
diamine with ClPPh2 in the presence ofNEt3 (Eqn 1.31). 
thf Im~NH I I 
PPh2 PPh2 
1.163 
Eqn 1.31 
Two symmetrical di(phosphino )amine ligands with aromatic spacer groups between 
the two donor atoms have also been prepared. 141 The ligands 1.164 and 1.165 were 
prepared by addition of Ph2PCl to the appropriate amine in thf with Et3N and a 
catalytic amount of ( dimethylamino )pyridine (DMAP). 
H 
P~P-NX) I~ 
P~P-~ 
1.164 
H P~P-N'r(YC~ 
~ P~P-N 
H 
1.165 
The two ligands were isolated as solids in good yields and found to be air stable 
indefinitely. In accordance with the oxidation of Ph2PN(H)PPh2, 1.164 and 1.165 
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were readily oxidised to form chalcogenides and mixed chalcogenide species (Scheme 
1.15). 
R R 
R Q Q Q (i) (ii) E = S, Se )loo ..... R=H, CH3 HN NH HN NH HN NH I I I I 
I I pp~ pp~ pp~ pp~ pp~ pp~ 11 11 11 
s s E 
Scheme 1.15 (i) S (ii) E = S, Se. 
1.4.2.2 Chiral bis(phosphino )amines 
The use of chiral phosphines as ligands for asymmetric hydrogenation has induced 
much interest and caused much activity in the synthesis of new chiral containing 
complexes for use as catalysts. Numerous catalytic reactions allowing the 
enantioselective formation of C-H, C-C, C-0, C-N, and other bonds have been 
discovered over the last 30 years, often with good results in terms of efficiency and 
selectivity.142 
In 1980 Miyano and eo-workers reported the synthesis of axially disymmetric 
bis(amino)phosphines derived from 2,2-diamino-J,J '-binapthyl (e.g. 1.166).143•144 
Since their initial report additional (phosphino)amine ligands, 1.167145 and 1.168146, 
have also been described. All of the ligands 1.166 - 1.168 were prepared from the 
corresponding diamine starting materials. 
1.166 
N-PP~ 
H 
N-PP~ 
H 
1.167 
N-PP~ 
H 
N-PP~ 
H 
1.168 
N-PP~ 
H 
N-PP~ 
H 
No coordination studies with 1.166 - 1.168 have been documented, but their use in 
conjunction with suitable rhodium precursors as catalysts (prepared in situ) for the 
enantioselective hydrogenation has been reported. The ligands 1.166 and 1.168 were 
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found to be extremely effective in the rhodium-catalysed asymmetric hydrogenation 
of enamides leading to chiral arylamine derivatives (Eqn 1.32) with excellent ee's!45 
The simplicity and efficiency of these ligands make them an excellent choice of 
system for the preparation of chiral amine derivatives via the catalytic asymmetric 
hydrogenation of enamides. 
ArJLNHCOCH, 
[Rh(R-1.166)(cod)]BF4 
or [Rh(R-1.168)(cod)]BF4 
1.4.2.3 Coordination studies of di(phosphino )amines 
Eqn 1.32 
The reaction between 1.163 and [Mo(C0)4(nbd)] was found to proceed under high 
dilution conditions in dichloromethane (Eqn 1.33) to afford 1.169. The structure of 
1.169 was confirmed by X-ray crystallography. 
~NH + [Mo(CO)inbd)] 
~ I 
PPh2 PPh2 
1.163 
1.169 
Eqn 1.33 
3,4-Bis(diphenylphosphinoamino)toluene 1.164 reacts with [Mo(C0)4(pip)2] and 
[MCh(cod)] to form seven-membered-ring metal complexes 1.170 - 1.172. In 
addition the dimetallic gold complex 1.173 was obtained by reaction of two 
equivalents of [AuCl(tht)] with 1.165 [(AuCl)2{MeC6H3} {N(H)PPh2}2-3,4] (Scheme 
1.16). 
The use of gold phosphines as new antitumour drugs has been intensively investigated 
with promising indications of anticancer activity shown by a series of di-gold 
phosphine complexes e.g. [(AuCl)2(dppe)] (dppe = Ph2PCH2CH2Ph2). The most 
effective compounds in cancer therapy appear to contain bidentate phosphine ligands 
and their coordination to gold(I) centres is tetrahedral.147 However, these complexes 
have also shown several problems of toxicity. Laguna et a/. 148 reported a study of 
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gold(I) and gold(II) complexes of 1.164 and 1.165 finding that the presence of a 
methyl group in 1.165 caused different donor properties on the phosphorus atoms. 
R Q 
HN NH 
I I 
pp~ pp~ 
R=HorMe 
!(ii) 
Me Q 
HN NH 
I I 
fP~ fP~ 
Au Au 
I I 
Cl Cl 
(i) 
1.173 
H 
0 
HN NH 
I I 
P~P ... M .... PP~ 
L 
ML = Mo(C0)4 1.170 
PtC12 1.171 
PdC12 1.172 
Scheme 1.16 (i) [Mo(C0)4(pip)] or [MCh(cod)] (M= Pt, Pd) (ii) [AuCl(tht)]. 
1.4.3 Pyridyl functionalised bis'(phosphino )amine ligands and coordination 
studies 
The NH analogue of 2,6-(diphenylphosphinomethyl)pyridine149"153 1.174 reacts with 
group 6 carbonylsjac-[M(C0)3(NCMe)3] and group 10 chlorides to form two types of 
complex. The group 6 complexes are of the type mer-[M(C0)3(PNP)] and those of 
group 10 are cationic square planar [MCl(PNP)][Cl].154 Reaction of 1.174 with group 
6 hexacarbonyls in the presence of trimethylamine oxide failed to give the expected 
mer-[M(C0)3(PNP)] complex. Instead 1.174 was coordinated in a P-N bidentate 
coordination mode with the second arm being oxidised 1.175.155 
~ 
HN.)lNANH 
I I 
pp~ pp~ 
1.174 
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DJPh, HN N N 
I I H P~P-M /1'\'co 
CO coCO 
1.175 
Shirmer and eo-workers also reported the synthesis of the potentially tridentate ligand 
N,N-bis(diphenylphosphino)-2-aminopyridine 1.176 and its group 6 complexes ofthe 
type 1.177 (M = Cr, Mo, W).154•155 
Q Q Q N N \ N N 
p~p,...N'pp~ PPhi<M'::PP~ N ,M(C0)4 (C0)4 p~p .... 'pp~ 
1.176 1.177 1.178 
The ligand coordinates via the two phosphorus atoms forming four membered MP2N 
rings rather than the possible five membered chelate ring formation with a P atom and 
the pyridyl nitrogen 1.178. Bimetallic, phosphido-bridged species containing the four 
membered MP2N chelate rings were also formed in the reaction between 1.176 and 
the di-nuclear coordination compounds [MM'(CO)s(J.t-PPh2)2] (M= M' = W, M= Mo, 
M' = W) and [W(C0)4(J.l-PPh2)2IrH(CO)(PPh3)] 1.179 - 1.181. The homonuclear 
molybdenum complex was formed via thermolysis 
M=M'=W,X=X'=CO 1.179 
M= M'= Mo, X= X'= CO 1.180 
M = W, M' = lr, X = H, X' = CO 1.181 
1.4.4 Miscellaneous bis(phosphino )amines 
of 
Compared to the vast body of literature concemmg diphosphines (e.g. 
Ph2PCH2CH2Ph2) in which the phosphorus nuclei are linked by a carbon spacer, 
examples in which the backbone of the molecule is composed of heteroatoms or 
groups are less well documented. Two examples of this type of ligand are 
R2PN (X)PR2 diphosphinoamines 156"159 and R2PN (X)N (X)PR2 diphosphinohydrazines 
(X= alkyl or aryl or H).160"163 
1.4.4.1 Phosphorus hydrazides 
The chemistry of bisphosphorus nitrogen compounds which have a hydrazide 
backbone, have been documented. Katti and co-workers163 reported a number of 
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ligand systems (e.g, 1.182-1.184, Scheme 1.17) and their coordination to a variety of 
late transition metals. 
[ 
MeMe] i-~H 2HCI 
Me Me 
I I (i) N-N 
-.:....:.....:J)Io~ I ' 
CI2P PCI2 
1.182 
(ii) 
(iii) 
Me Me 
I I 
N-N 
I ' 
PhzP PPhz 
1.183 
Me Me 
I I 
N-N 
I ' (R0)2P P(OR)2 
1.184 
R = alky, aryl 
Scheme 1.17 (i) PCh (ii) 4 PhMgCl (iii) 4 ROH/4EtJN. 
The ligands 1.183 and 1.184 coordinate to [PtCh(cod)], [PdCh(PhCN)2] or 
[M(C0)4(pip )2] (M = Mo, W) via the two phosphorus. centres to form a five 
membered MPNNP ring (e.g. 1.185 -1.187). 
Me Me 
I I 
N-N 
I \ 
P~P, _..PP~ 
Pt 
.... ' Cl Cl 
1.185 
Me Me 
I I 
N-N 
I \ 
P~P, _..PP~ 
Pd 
, ' Cl Cl 
1.186 
Me Me 
I I 
N-N 
I \ 
P~P, _..PP~ 
co"/\ .. co 
CO CO 
1.187 
There are various possibilities of further functionalisation at the phosphorus and 
nitrogen centres. This allows structural tuning and the synthesis of phosphorus 
hydrazides that have hydrolytic stability and water solubility with potential biological 
applications and a route towards developing catalytically useful compounds. 
1.5 Organophosphorus Based Dendrimers 
Since the first synthesis of cascade-like molecules in the late 1970's by Vogtle et al. 
dendrimers have gained increasing attention. 164 Dendrimers were originally referred 
to as cascade molecules and are best described as highly branched regular three 
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dimensional, mono-disperse macromolecules, with a branch occumng at each 
monomer unit. They are characterised by the presence of large numbers of functional 
groups on the surface, which results in solubility, viscosity and thermal behaviours 
different from those of more classical polymers. 
Since publication of early work164"167 research in this field has increased 
exponentially. During the last five years a number of reviews concerning organic 
skeletons have been published. 168•169 Few, however, are devoted to main group 
element containing dendrimers.170•171 Surprisingly, dendrimers incorporating 
phosphorus only attracted attention in the late 1980's, although the corresponding 
linear polymers have found useful properties for industrial applications. Rengan and 
Engel172·173 reported the preparation of a new category of cascade molecules in which 
the initiator core and subsequent branch points are quaternary phosphonium ion sites. 
Examples of neutral phosphorus-containing dendrimers possessing either P-0174 or 
P-C bonds175 were described initially in 1994 but have been developed rapidly since 
then. There are numerous examples in which -{PR2}n groups are the terminal 
functionality, acting as suitable scaffolds for metallodendrimer construction.176"178 
Commercial applications of these dendrimers have already been identified and include 
medical diagnostics179·180 and catalysis.181 
Reetz et al. reported the synthesis of a dendritic diphosphine and the preparation of 
corresponding metal and bimetallic complexes. Double phosphinomethylation of each 
of the 16 primary amino end groups of the DAB-based (DAB = 1,4 diaminobutane) 
polyamino dendrimer DAB-dendr-(NH2)16 proceeds in essentially quantitative yield to 
give 1.188 upon use of Ph2PCH20H prepared in situ from CH20 and HPPh2 (Scheme 
1.18). Dendrimer 1.188 was characterised by elemental analysis, IR and NMR 
spectroscopy. The dendrimer 1.188 with 16 bidentate ligands on the outer surface, 
provides a suitable site for complexation to a variety of transition metals. 
Coordination led to partial or complete loading of the dendrimer. Complete metal 
loading was achieved under standard reactions with [PdCh(PhCN)2] 1.189, 
[Pd(CH3)2(tmeda)] 1.190, [Rh(cod)2]+rlF4 1.191 or [Ir(cod)2]+rlF4- 1.192 (Scheme 
1.18). 
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DAB-dend 
1.189 
DAB-dend 
16 
1.190 
DAB-dend DAB-dend 
16 
1.191 
Scheme 1.18 (i) [PdCh(PhCN)2] (ii) [Pd(CH3)2(tmeda)] 
(iii) [Rh(cod)2]"13F4- (iv) [lr(cod)2]"13F4-. 
16 
1.192 
Schmidbaur et al. reported the synthesis of chlorogold(I)diphenylphosphino-
terminated dendrimers. Diaminobutane-poly(trimethylamine) dendrimers of 
generations 2 and 3 have been achieved with a.-(diphenylphosphino)acetic acid andp-
( diphenylphosphino )benzoic acid. Up to 32 peripheral diphenylphosphino groups 
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have been grafted, and the corresponding polynuclear gold complexes prepared 
(Scheme 1.19). 
~ (i) 
~ (ii) 
1.193 
DuBois and eo-workers described the synthesis of organophosphane dendrimers via 
sequential addition of diethylvinylphosphonate to primary phosphines followed by 
reduction with LiAl~ (Scheme 1.20). Metallation of some of these dendrimers 
containing 12 and 15 phosphorus atoms with [Pd(MeCN)4](BF4)2 afforded complexes 
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that were shown to exhibit catalytic activity for the electrochemical C02 reduction to 
co.t74 
R=Et,Ph 
L=MeCN 
PhP~ (i) (ii) 
+ (ii) 
p~ p~ 
~p\_) (_rPH2 
'(p5 
Ph 
Veggel et al. complexed [3,5-bis{(diphenylphosphinyl)methyl}phenyl]oxy groups to 
bi and trifunctional spacers to synthesise PCP pincer type dendrimers (Scheme 1.21 ). 
Cyclometallation of 1.195 with NiCh.6HzO, [Pd(CH3CN)4][BF4]2 or cis-
[PtCh(PPh3)2] gave the Ni, Pd and Pt complexes 1.196 - 1.198 (Scheme 1.21 ). 
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M= Ni(ll), 1.196 
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Br 
Scheme 1.21 (i) ~ c~f~ AA 3 
Br Br 35% 
1.6 Orthometallation 
a) NiC~.6H20 
(ii) HSiC13, Ef:3N (iii) b) [Pd(CH3CN)4][BF4h 
c) cis-[Ptq(PPh3) 2] 
Orthometallation is a proven method of forming organometallic complexes by a C-H 
intramolecular oxidative addition reaction in which C-H bond breaking and M-C 
bond formation occurs.182•183 The C-H bond that is cleaved is typically sp2 or sp3 
hybridised, and occurs for alkyl or aryl groups attached to coordinated nitrogen or 
phosphorus ligands.184 Although most common for complexes of 
triphenylphosphine185"187 and triphenylphosphite188, similar reactivity is displayed by 
other compounds such as azobenzene and aromatic ketones. The driving force for 
many of these reactions is the formation of five-membered metallacycles. 
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Whereas these cyclometallated compounds are predominantly mononuclear, several 
recent examples of bi and tetranuclear complexes have been described. 189·190 The 
interest in orthometallated complexes derives from their use in disparate areas such as 
catalysis, 191-196 organic synthesis, 197 in material science, 198 in resolution procedures199 
and as antitumour agents. 200 
One of the earliest examples of orthometallated complexes201 is the benzometalolle 
1.199 obtained from reactions between iron carbonyl compounds and 
diphenylacetylene.2°2 Other examples were reported in the literature during the 1960's 
including cyclometallations of azobenzene nickel complexes 1.200,203 palladium and 
platinum complexes,204 and other complexes containing phosphines 1.201205,2°6 and 
phosphite ligands 1.202.2°7•208 
CQ Ni--o Q; 0:0 ;pp~ .......-PP~ Ru 
Fe-Fe(C0)3 Rh Cl" (P(OPh)3)2 (C0)3 (PPh3)2 
1.199 1.201 1.202 
Since these early reports of orthometallation, many more examples of 
triarylphosphines and phosphite complexes have been reported, some of which will be 
discussed below. 
1.6.1 Orthometallated group 8 metal complexes 
1.6.1.1 Orthometallated iron complexes 
Manning and eo-workers reported that photolysis of the tricarbonyl complex 
[Fe(C0)3{P(OPh)3}2] gave the orthometallated iron-hydride derivative 
[HFe(C0)2{P(OPh)3}{(Ph0)2P(OC6!4)}] 1.203 and subsequent reaction with CS2 is 
one route to [Fe(C0)2(1')2-CS2){P(OPh)3}2] 1.204 (Scheme 1.22).2°9 
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':0 (0Ph)3 (Ph0)2P ~ I p s eo, I (i) co......._l ~ (ii) co......._l~ /Fe-CO .... )loo Fe Fe 
CO I co/1 'H co/1 's P(OPh)3 P(OPh)3 P(OPh)3 
1.203 1.204 
':0 
~ (iii) 
(Ph0)2P ~ I P(OPh)3 sc......._l ~ 
_. (iv) eo, I Fe 
co/1 'H ,.....Fe-es CO I 
P(OPh)3 P(OPh)3 
1.205 
Scheme 1.22 (i) hv (-CO) (ii) CS2 (iii) PBun3 (iv) hv (-CO). 
Reaction of 1.204 with PBun 3 affords the thiocarbonyl derivative 
[Fe(C0)2(CS){P(OPh)3}2], which upon photolysis affords a second orthometallated 
iron complex 1.205.209 
1.6.1.2 Orthometallated ruthenium complexes 
Puddephatt et al. 210 described the synthesis of the first example of simple 
orthometallation of dppm at a binuclear ruthenium centre. In previous studies, 
thermolysis of binuclear dppm complexes led to P-C bond cleavage either alone or in 
addition to cyclometallation.211"215 When a solution of [Ru2(CO)s(J..t-dppm)2] was 
heated under reflux in a nitrogen atmosphere for 3 days the orthometallated complex 
1.206 was isolated (Eqn 1.34). 
Ph~ ~~QFi::-co 
C H OC /Ru R~~ CO> 6 6 oc I 
PhP fj ~ 
~p~-
1.206 
Eqn 1.34 
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The ruthenacyclobutane 1.207 undergoes orthometallation to afford (C6~PRPh)(116-
C6Me6)] (R = Me 1.208, and R = Ph 1.209) upon passing a chloroform solution down 
a neutral alumina column (Eqn 1.35)_216.217 
rV< 
p~p 
R 
1.207 
1.6.1.3 Orthometallated osmium complexes 
,....Cl juJ0 
PhP___.1VJ 
R 
R=Me 1.208 
Ph 1.209 
Eqn 1.35 
Deeming and StchedrofF18 reported the synthesis of an osmium orthometallated 
complex 1.210. Treatment of [Os3(C0)12] with (R)-BINAP (2,2'-
bis(diphenylphosphino)-1,1 '-binapthyl) gave 1.211-1.213. 
1.212 1.213 
The structures of 1.211 and 1.213 were confirmed by X-ray crystallography. Further 
evidence of the orthometallated product was obtained from the spectroscopic data, in 
particular 1H NMR spectroscopy which showed a double doublet resonance in the 
hydride region at o(H) -16.86 ppm [J(PH) - 8.4 and 17.3 Hz] consistent with an 
orthometallated product. Further examination of the aromatic region suggested 
metallation of a phenyl group_218 
The compound [Os(115-CsHs)Cl(P;Pr3)2] was found in polar solvents such as methanol 
or acetone and in the presence of TlPF 6 to undergo a methyl C-H bond activation of 
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the triisopropylphosphine affording 1.214. The orthometallated osmium complex 
1.214 was found to be a mixture of two diasteroisomers (Eqn 1.36).219-222 
-TlCl 
Q'p: 
; _os, 
Prl I pipr H+c~ 3 
CH3 
1.214a 1.214b Eqn 1.36 
A similar type of reaction was reported for the bis(triphenyl)phosphine derivative 
[Os(115-CsHs)(OTf)(PPh3)2] (Eqn 1.37).223 
~pph 
Ph p-OsO-.'2 3 I 
H 1 ~ 
.....-::::: 
1.215 
Eqn 1.37 
In contrast to 1.214 and 1.215, reaction of [Os(115 -CsHs)Cl(P;Pr3)] with one equivalent 
of benzophenone imine affords, after 2 h, the cationic orthometallated complex 1.215 
(Eqn 1.38). 
Ph 
~=< 
H Ph 
.... 
Eqn 1.38 
In 1.215, the formation of the more stable five-membered ring by aryl C-H activation 
of one of the phenyl groups of the imine is favoured over alkyl C-H activation of an 
isopropyl group of coordinated P;Pr3.224 
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Deeming et al. 225 described the synthesis of the 5-membered osmium metallacycle 
1.218 in a four step approach (Scheme 1.23). The intermediates 1.216, 1.217 and 
1.218 were characterised by X-ray crystallography?26 
(i) Ph3Px2H 0 
.... Jl 
(C0)40s, .. O,s(C0)3 
Os-H 
(C0)3 
1.216 
(ii) 
.... 
Scheme 1.23 (i) [Os3(CO)w(MeCN)2] CH2Clz, 20 oc 
(ii) daylight, CH2Clz, 20 °C (iii) toluene at 100 °C or heptane at 96 °C. 
1.6.2 Orthometallated rhodium complexes 
The first report of orthometallation reactions involving tertiary phosphine ligands at 
dirhodium(II) metal centres was published in 1984?27 Since then a number of other 
reports have been documented. Tocher and Morrison reported the synthesis of the 
dirhodium(II) compound 1.219 bearing bridging orthometallated 
dimethylphenylphosphine ligands. Reaction of [Rh2(02CMe)4] and 
dimethylphenylphosphine in pivalic acid gave, after purification by column 
chromatography, [Rh2(02CCMe3)2{PMe2(C6~)}z(Me3CC02H)2]. Recrystallisation 
from aqueous methanol gave red crystals, identified by X-ray analysis as, 
[{Rh(02CCMe3){PMe(C6~)}(H20)}2] 1.219. The axial pivalic acids having been 
replaced by water molecules?28 
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1.219 
Sanz et al. reported orthometallation of the tertiary phosphine P(o-BrC6I4)Ph2 at Rh 
and Ir metal centres by C-Br activation, yielding [MCh(PPh2C6!4-P, C)2] (M = 
Rh(III) 1.220 and lr(III) 1.221] containing a four-membered metallocycle. Extension 
of this reaction using P(o-ClC6!4)Ph2 showed a similar reaction, but here the ligand 
was shown to coordinate via the P and the Cl donor atoms forming a five membered 
ring in which one of the C-Cl bonds has not been cleaved 1.222 (Eqn 1.39). 
1.222 
Eqn 1.39 
In 1985, Jones and Feher described the synthesis of a five membered rhodium 
metallacycle (Eqn 1.40). Thermolysis of 1.223 at 58 °C in cyclohexane reductively 
eliminates PhH to give the complex [Cp*Rh(Me2PCH2C6!4)H] 1.224. 
cyclohexane 
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Cp* H 
' / Rh I · .. MezP'-{) 
1.224 Eqn 1.40 
Alper and eo-workers reported the synthesis of the orthometallated complex 
[Rh(C6I4PPh2)(PPh3)2] 1.225 from a range of triphenylphosphine rhodium aryl oxides 
(Scheme 1.24).229 
Ar =Ph, 4-MeC6H4, 
4-Me0C6H4 
Qpp~ 
Rh 
Ph P,.... 'PPh 3 3 
1.225 
(i) 
...... 
-HOAr 
Scheme 1.24 (i) toluene, 20 °C (ii) toluene, 60 - 80 °C. 
All the examples discussed so far involve sp2 C-H bond activation. However 
examples of sp3 C-H activation are also known (Eqn 1.41) and akin to the synthesis 
of 1.224 (Eqn 1.40).230 
Eqn 1.41 
1.226 
1.6.3 Orthometallated group 10 metal (platinum and palladium) complexes 
Bennett and co-workers231 reported the synthesis of the four-membered metallacycle 
1.227 in an attempt to synthesise the benzyne platinum(O) complex 1.228. Attempts to 
isolate the complex 1.228 showed that it readily isomerised at, or just above room 
temperature, to the orthometallated complex 1.227 (Scheme 1.25). 
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(ii) ..... Q 
Pb,P-lj!D 
PPh3 
1.227 
Scheme 1.25 (i) [Pt(PPh3)2(112-C2!4)], 
2,2,6,6-tetramethylpiperid-J-yllithium, 0 °C (ii) r.t. 
In addition, a second four-membered metallacycle 1.230 was synthesised by the 
orthometallation of 1.229 which required refluxing in benzene for 18 h (Eqn 1.42)?31 
Qi-P{Ph3 
PPh3 
1.229 
Q 
Pb,P-lj!D 
pp~ 
1.230 
Eqn 1.42 
Shaw and co-workers232 demonstrated that tertiary phosphines modified with 'butyl 
groups permitted the formation of four-membered metallacycles with platinum, 
namely 1.231 and 1.232. In such compounds the four membered rings are very 
strained, five membered rings are formed preferentially.233 
'Bu 
O=t-Ph Pt-X I 
P'BuP~ 
1.231 
0l_Ju, 
V1-Pt-x 
I PPh'B~ 
1.232 
In some cases when a phenyl ring is a. alkyl substituted, a five membered 
metallacycle is formed with the metal bound to an alkyl group as in 1.233-1.235. 
o-tolyl 
o:Pfhx Pt"' c· ,PPh(o-tolyl)2 
~ 
1.233 
o-tolyl 
o:P~ucl p(' C · 'P'Bu( o-tolyl)2 
~ 
1.234 
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'B~ o:P, ,.Cl Pt, c· P'Bu(o-tolyl)2 
~ 
1.235 
Abicht and Issleib described the synthesis of cyclometallated complexes in which ( o-
lithiobenzyl)diorganophosphines o-LiC6l4CH2PR2 (R = Ph, Me, 1Bu) react with 
[MCh(SEt2)2] (M = Pd and Pt) to form cis cyclometallated complexes of the type 
·1.236 (Eqn 1.43)?34 
CCC~P~ E~O + MCl SE ,... Li 2( ~)2 - 20 to 20 oc 
Eqn 1.43 
Bennett and eo-workers reported the synthesis of orthometallated platinum(II), 
platinum(IV), rhodium(III) and iridium(III) complexes containing 2-C6I4PPh2?35,236 
Treatment of cis or trans-[PtCh(SEt2)2] with 2 LiC6I4PPh2 in diethyl ether at -30 °C 
gave cis-[Pt{C6l4(PPh2)2}-2] 1.237 (Eqn 1.44). 
-30 oc Q () Pty 
P~P PP~ 
1.237 
Eqn 1.44 
Reaction of 1.237 with PPh3, P(OPh)3, P(OMe)3 or Bu'NC at room temperature 
displaces one of the coordinated phosphorus atoms to give the complexes 1.238 -
1.240 in which only one ligand is orthometallated?36 
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L = PPh3 1.238 
P(OPh)3 1.239 
P(OMe)3 1.240 
Bennett and eo-workers described the synthesis and characterisation, including an X-
ray study, of the dimeric orthometallated platinum(!) complex 1.241 (Eqn 1.45). Here 
the ligand P,P'-chelates to one metal centre and is cyclometallated to the second 
metal centre.Z37•238 
Ph 
P 2 OH C . / :rt, p Me 
Ph2 
Eqn 1.45 
Orthometallated complexes containing the unit M{C6~PPh2-2} are commonly made 
by heating complexes of triphenylphosphine.239 However, other processes, 
particularly P-Ph cleavage, can compete or occur together with C-H activation,240 so 
that the products of thermolysis of a triphenylphosphine complex are unpredictable. 
Many of the examples discussed thus far have involved mono- or di-metallic 
complexes with one or two orthometallated ligands. A novel tetranuclear metallated 
compound has been reported, in which a parallelogram of four palladium atoms are 
bridged by two orthometallated phosphines and by two bromides.Z41 Hence the 
reaction of the orthohalogenated phosphine P(o-BrC6~)Ph2 1.242 with [Pd(dba)2] 
(dba = (C6Hs)C=CH-C(O)-CH=CH(C6Hs) gave the tetranuclear palladium compound 
1.243 (Scheme 1.26), best described as a palladium(II) species resulting from 
insertion of palladium(O) into the C-Br bond of 1.242. However if an excess of 1.242 
is reacted with Pd( dba)2 a much simpler, orthometallated mononuclear, palladium 
compound 1.244 is formed (Scheme 1.26).241 
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Pd(dba)2 
p~ Br 
dp'Pd 'PCBr h-
1.244 
Scheme 1.26 (i) P(o-BrC614)Phz (ii) excess P(o-BrC6f4)Phz. 
Tooze et al. reported the synthesis of highly active and selective catalysts for the 
production of methyl proponate via the methoxycarboxylation of ethene.Z42 Reaction 
of 1,2-(di-tert-butylphosphinomethyl)benzene with Pd(OAc)z in equimolar amounts 
gave 1.245, characterisation confirmed a di orthometallated structure 1.245 (Eqn 
1.46). 
CCPIBUz P + Pd(OAc)2 IBUz 
A eO 
' ~~~ 
,Pd-PIBUz 
AcO 
1.245 
Eqn 1.46 
Robinson and eo-workers reported the synthesis of a number of orthometallated 
triarylphosphite derivatives.Z43 Triarylphosphite complexes of palladium(II) and 
platinum(II) [MX2{P(OAr)3}z] (M = Pd or Pt, X = Cl, Br or I, Ar = phenyl, di-
chlorophenyl, o-, m- or p-tolyl) react in boiling decalin with HX elimination affording 
orthometallated phosphite derivatives of the type 1.246 (Eqn 1.47). Examples of 
triarylphosphite ligands coordinated to ruthenium,207·244"246 osmium,Z43 rhodium,245 
and iridium208,246•247 have also been observed. 
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M = Pd, Pt, X = Cl, Br, I 
1.246 
Eqn 1.47 
Sokolov et al. 248 reported cyclometallation of mixed phosphite esters. Heating phenol 
with N,N-diethylphosphoramidite and (EtO)zPNEtz in the absence of solvent afforded 
the tyrosine phosphite 1.247, which complexed to [PdCh(PhCN)z] forming 
[PdCh(1.247)2] 1.248. Refluxing 1.248 with excess PdCh in toluene gave the 
cyclopalladated derivative 1.249 (Scheme 1.27). This reaction sequence was also 
applied to (-)-estrone, affording a mixture of two regioisomers of the cyclopalladated 
compound 1.250 (Scheme 1.28). The regioisomers were present in a ratio of I :3 as 
confirmed by 31PeH} NMR spectroscopy. The regioisomers were easily separated 
and the major isomer 1.250b isolated by fractional crystallisation and confirmed by 
NMR and X-ray analysis. 
HO 
(i) 
)loo (Et0)2PO-o-CH2THCOOEt 
NHCOCH3 
!(H) 1.247 
PdCI2[(Et0)2PO-o-CH2THCOOEt] 
NHCOCH3 
1.248 
Scheme 1.27 (i) (EtO)zPNEtz (ii) PdCh(PhCN)z (iii) PdCh, toluene. 
i 2 Cl + Pd 
(EtO)/ I 
0 
1.250b 
Scheme 1.28 (i) (EtO)zPNEtz (ii) PdCh(PhCN)z (iii) PdCh, toluene. 
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Brunei and eo-workers described some new phosphapalladacycles as catalysts for the 
hydroarylation of norbomene. Reaction of his( dimethylamino )-o-tolylphosphine with 
palladium(II) acetate gave the expected palladacycle 1.251. Two further 
cyclometallated complexes (1.252 and 1.253) were also synthesised, the formulation 
of 1.251 - 1.253 as dimers with bridging acetate groups, confirmed by analogy to 
known palladium chemistry (Eqn 1.48).249 
toluene 
+ Pd(Ac0)2 )lr 
110 °C, 2h 
-CH3C02H 
1.251 1.252 1.253 
Eqn 1.48 
1.6.4 Alkyne insertion reactions of orthometallated complexes 
An appealing feature of orthometallated compounds is the ability of the metal centre 
to activate both atoms of the ligand, which are directly bound to the metal (i.e. one 
carbon and one heteroatom) and to involve them in a novel type of cycloaddition 
reaction leading to heterocyclic products. The products are obtained via carbon-
carbon bond formation by insertion of the alkyne into the M-C bond. This reaction is 
quite general as it occurs with a variety of alkynes and a variety of metallocyclic 
units. 
Pfeffer et al. 250 reported the reaction of the alkynes PhC=CC02Me or 
Me02CC=CC02Me with the ruthenium metallacycle 1.254 to give the 
organoruthenium(II) compound 1.255, resulting from insertion of an alkyne into the 
Ru-C bond (Eqn 1.49). This reaction was extended to a range of other ruthenated 
benzylamine derivatives 1.256- 1.257. 
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Q 
Cl-ooRu ~ 
/N ~ 
Me2 --= 
1.254 
1.256 
MeOH 
1.257 
Q 
Me N-Ru·Cl 
C02Me 
Eqn 1.49 
Q 
c;~Ru~OMe 
Me2  
OMe 
1.258 
Yamamoto and Sugawara251 reported the reaction of [Cp*MCl(P-0)] (M = Rh, lr) 
with the asymmetric alkyne HC=CC6RtCOOMe, in the presence of K[PF6] results in 
alkyne insertion into the M-0 bond. Head to head double insertion of the alkyne 
facilitated the formation of a tridentate P,O,C ligand 1.261 (Eqn 1.50). A second 
species 1.262 is also formed in this reaction in which both P-C and Rh-O bond 
cleavage has occurred. 
Cp* 
:M-Cl 
p~p· ·o 
oMe-{j 
M=Rh1.259 
Ir 1.260 
+ 
Eqn 1.50 
Recently Y amamoto et al. 252 reported the synthesis and characterisation of several 
new rhodium(III) complexes starting from 1.259 and various substituted alkynes. 
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Cp* h-et 
P~P" ·o (i) 
Me0-0 
1.259 
!(iii) 
Cp* 
I R'" 
Meor.J:~r,R· 
v~R· 
R 
R = R"' =Ph, R' = R" = H 
R = R" = nBu, R' = R"' = H 
Cp* 
I 
Rh-COCO R 
Ph2P, ~'--• 2 
MeOo- j-H ~ ~ 0 
.......::: R=Me, Et 
Scheme 1.29 (i) HC=CR (ii) HC=CC02R (iii) HC=CC02Et. 
1.7 Thesis Outline 
A plethora of work on the chemistry of both tertiary phosphine and phosphites exists, 
however (phosphino )amines containing P-N bonds instead of P-C or P-0 bonds have 
in comparison been neglected as ligands. Furthermore, very few examples of bi- and 
polydentate (including dendrimer) based (phosphino )amines have been documented. 
Consequently the lack of development of (phosphino )amine ligand systems has meant 
few coordination studies have been reported. Since orthometallation of tertiary 
phosphines, and to a lesser extent phosphites, is well documented, the potential of 
new (phosphino )amine ligands in this type of reaction is considered. 
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CHAPTER2 
THE PREPARATION AND COORDINATION 
CHEMISTRY OF ESTER, KETO AND ETHER 
FUNCTIONALISED (PHOSPHINO)AMINES 
2.1 Introduction 
Phosphorus containing ligands play an important role in modem coordination and 
organometallic chemistry, with their late transition metal complexes of primary 
importance as homogeneous catalysts for many processes. The chemical literature 
contains numerous examples illustrating the chemistry of both phosphines and 
phosphites (Chapter 1). However, the use of P-N bond-forming reactions in the 
synthesis of (phosphino )amines has not been utilised in such detail, in part because of 
the assumed instability of the P-N bond. Additionally, (phosphino )amines that have 
been developed are relatively simple systems containing no functionality in the 
carbon backbone. In 1966 Hudson et al. 61 reported the synthesis of 1. 78 and also a 
series of reactions with polyha1ogen compounds to afford phosphinimines. However 
no coordination studies with transition metals were reported at that time. The only 
metal complexes [Mo(CO)s{PPh2N(H)Ph}] and [Os3(CO)u {PPh2N(H)Ph}] of this 
ligand were presented in 1984 and 1987 by Gray68 and Si.iss-Fink70 respectively. Both 
1.78 
P~P,N,.H 
I 
~c .... c~ 
I 
OMe 
1.132 
P~P,N,.H 
I 
MeO,H,.C~ 
c 
I 
OMe 
1.133 1.134 
the complexes were not obtained by direct procedures using 1.78. Woollins and eo-
workers have reported a number of examples of aminophosphines, as discussed in 
Chapter 1, though few contain any functionality in the carbon backbones and none in 
the ortho position. Additionally Burrows and eo-workers have recently reported the 
synthesis and reactivity studies of a series of aminophosphines that contain ether 
functionalities 1.132, 1.133 and 1.134. Despite this general lack of development in 
(phosphino)amine chemistry, rhodium(Ii53 and platinum(IIi54 complexes of chiral 
aminophosphines have been found to be efficient catalysts for asymmetric 
hydrogenation and hydroformylation reactions respectively, and nickel complexes 
have been employed255 in the cyclodimerisation ofbuta-1,3-diene. 
Orthometallation reactions constitute an important class of reaction that have been 
widely employed in the synthesis of numerous organometallic compounds, and their 
use in· catalysis, 189•190 organic synthesis, 191-196 in material science, 197 and resolution 
procedures198 and as antitumour agents.199 Although many reports of triarylphosphine 
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or phosphite orthometallated complexes have been documented, examples with 
(phosphino )amines bearing one (or more) combinations of P-N/P-C bonds have not 
been investigated. 
In this chapter the synthesis ofPh2PN(H)R (R = functionalised aryl group) and their 
reactivity towards a variety of late transition metals including Pt(II), Pd(II), Rh(III), 
Ru(II) and Au(I) is described. Furthermore platinum(ll) and Rh(III) complexes are 
excellent precursors for novel five-membered M-P-N-C-C metallacycles via cr(Csp2-
H) bond activation. 
2.2 Synthesis of Ester and Keto Substituted Ph2PN(H)R Ligands 
Using a well established method of P-N bond formation, 105,256 the new ligands 2.1 -
2.4 were synthesised by reaction of Ph2PCl with a range of aromatic primary amines 
(Eqn 2.1). 
P~PCI + ~ P~PN(H)R 
R= &Me C(Ph QJoMe ;YOMe MeO ~ 
2.1 2.2 2.3 0 2.4 
Eqn 2.1 
The dropwise addition of chlorodiphenylphosphine in diethyl ether to a solution of 
amine and triethylamine in the same solvent at 0 °C gave Ph2PN(H)R 2.1 - 2.4 in 
good to excellent yields (57- 91 %). This general procedure allowed the preparation 
of these ligands in reasonable gram quantities (ea. 10 g) from cheap, commercially 
available starting materials. The new (phosphino )amines were soluble in a range of 
common organic solvents (e.g. Ei20, CH2Ch, CHCl3, thf) and were white or yellow 
solids. In their solid state, 2.2 - 2.4 are air and light stable, in contrast ligand 2.1 is 
unstable at room temperature and hence stored at -10 °C. Solutions of 2.1 - 2.4 in 
CDCh prepared under anaerobic conditions were unstable and over 5 d decomposed 
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Table 2.1 31PeH} and 1H NMR data a for the (phosphino)amines 2.1- 2.4. 
Compound BP oH (NH) 2 J(PH) oH (Aromatic) oH (Me) 
2-C(O)MeC6RtN(H)PPh2 
2-C(O)PhC6RtN(H)PPh2 
2.1 25.6 9.71 
2.2 26.5 9.23 
2-C(O)OMeC6I4N(H)PPh2 2.3 25.8 8.68 
2,5-{C(O)OMe}2C6H3N(H)PPh2 2.4 25.7 8.73 
7.5 
7.8 
8.0 
8.1 
7.76-6.68 
7.66-6.67 
7.95-6.67 
8.29-7.23 
2.57 
3.85 
3.90 I 3.88 
a Spectra measured in CDCh. Chemical shifts [oC1P), oCH)] in ppm. Coupling 
constants(.!) in Hz. 
to form Ph2P(O)N(H)R, Ph2P(O)PPh2 and Ph2P(O)P(O)Ph2. They displayed a single 
phosphorus resonance in the 31PeH} NMR spectra (in CDCh) at around 26 ppm 
(Table 2.1 ), which is typical for this class of ligand.257 The 1H NMR spectra displayed 
a doublet at about 9 ppm e J(PH) ea. 8 Hz] assigned to the amine proton indicating 
the synthesis of only monosubstituted ligands (see Chapter 3 for discussion of 
bissubstituted ligands). The IR spectra of 2.1 - 2.4 displayed characteristic weakly 
absorbing stretching vibrations of v(NH), strong v(CO) and strong v(PN) stretches 
(Table 2.2). Microanalytical data (Experimental section, Table 6.1) were satisfactory 
and the positive ion F AB mass spectra showed the expected parent ion and 
fragmentation patterns. 
Table 2.2 Selected IR data a for 2.1 - 2.4. 
Compound v(NH) v(C=O) v(PN) 
2.1 3212,3198,3190 1633 892 
2.2 3314,3237 1619, 1612 879 
2.3 3248 1686 898 
2.4 3374 1725 I 1688 852 
a Recorded as KBr pellets. In cm· . 
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2.3 Oxidation ofPh2PN(H)R Ligands with Chalcogenides (0, S, Se) 
The synthesis of Ph2P(E)N(H)R (E = 0, Sand Se) was achieved by direct oxidation 
of 2.1 - 2.4 with the appropriate oxidising agent as shown in Eqn 2.2. Reaction of 
Ph2PN(H)R with a small excess of H202 (aq), or stoichiometric quantities of 
elemental sulfur or grey selenium, in thf, gave good yields of the oxidised species 2.5 
- 2.16 (typically 80%, 75% and 70% respectively). The microanalytical data for 
compounds 2.5 - 2.16 (Experimental section, Table 5.1) were satisfactory. 
Compounds 2.5 - 2.16 were found to be soluble in thf, acetonitrile, dichloromethane 
and chloroform and only slightly soluble in toluene. 
P~PN(H)R + E 
R= (fMe 
thf 
P~P(E)N(H)R 
E = 0, S, Se 
~OMe PoMe il) MeO~ 
0 
Eqn2.2 
The 31PeH} NMR spectra (in CDCh) showed single 8(P) resonances upfield for the 
oxide derivatives (2.5 - 2.8) and downfield for the sulfide and selenide derivatives 
(2.9- 2.12 and 2.13- 2.16 respectively), in comparison to the free ligands 2.1 - 2.4 
(Table 2.3). Furthermore in the case of the selenium analogues, 1J(PSe) of ea. 786 Hz 
is observed and compares favourably with other related compounds [e.g. 
Ph2P(Se)N(H)PPh2 1J(PSe) 758 Hz].90 
Table 2.3 31PeH} NMR data8 for the oxidised (phosphino)amines 2.5- 2.16. 
OP(o) 8P(s) 8P(se) J(SeP) 
2-C(O)MeC6HtN(H)P(E)Ph2 2.5 18.5 2.9 50.4 2.13 46.1 783 
2-C(O)PhC6HtN(H)P(E)Ph2 2.6 18.9 2.10 50.9 2.14 46.6 787 
2-C(O)OMeC6HtN(H)P(E)Ph2 2.7 18.3 2.11 50.7 2.15 46.5 783 
2,5-{C(O)OMe}2C6HJN(H)P(E)Ph2 2.8 18.9 2.12 51.2 2.16 47.3 792 
a Spectra measured in CDCh. Chemical shifts [<>e1P)] in ppm. Coupling constants(.!) 
inHz. 
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Table 2.4 1H NMR data a for the oxidised (phosphino )amines 2.5- 2.16. 
Compound <>H (NH) 2J(PH) <>H (Aromatic) <5H (Me) 
2.5 10.70 8.3 7.94-6.90 2.66 
2.6 9.98 13.3 7.96-6.84 
2.7 9.65 9.5 7.97-6.87 3.90 
2.8 9.73 10.0 9.06-7.27 3.93, 3.80 
2.9 10.68 10.0 8.06-6.92 2.64 
2.10 10.04 10.5 8.10-6.88 
2.11 9.63 9.2 8.07-6.69 3.88 
2.12 9.64 9.7 8.09-7.46 3.90, 3.79 
2.13 10.68 10.0 8.06-6.91 2.65 
2.14 10.04 9.4 8.10-6.80 
2.15 9.68 9.7 8.07-6.91 3.88 
2.16 9.60 8.7 8.09-7.45 3.91, 3.79 
a Spectra measured in CDCb. Chemical shifts [<>ciH)l in ppm. Coupling constants (./) 
inHz. 
Table 2.5 Selected IR dataa for 2.5- 2.16. 
Compound v(NH) v(C=O) v(PN) v(P=E) 
2.5 3097,3072 1640 924 1208 
2.6 3168 1624 908 1216 
2.7 3232 1698 927 1211 
2.8 3248 1709, 1692 927 1199 
2.9 3149, 3107, 3089 1641 929 641 
2.10 3187 1632 900 644 
2.11 3193 1689 933 633 
2.12 3209 1733, 1683 927 644 
2.13 3150,3074 1642 929 584 
2.14 3179 1631 899 552 
2.15 3193,3172 1682 934 556 
2.16 3204 1732, 1683 925 558 
a Recorded as KBr pellets. In cm· . 
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The 1H NMR spectra (in CDCh) of 2.5- 2.16 displayed the anticipated doublet for 
the amine proton (Table 2.4) due to 2J(PH) coupling. In addition the o(H) values for 
the methyl protons of the keto and ester groups is slightly compared to the equivalent 
parameter in the free ligands (Table 2.2). Assignments of the IR spectra are collated in 
Table 2.5. TheIR spectra of these compounds show absorptions in the 3100 cm"1 
region indicating v(NH) character. The vibrations between 1624 and 1733 cm-1 were 
typical of v(C=O) groups. The bands in the range 899 and 934 cm-1 represent single 
bond character of v(PN). The P=O, P=S, P=Se vibrations for compounds 2.5- 2.16 
were observed in the range 1199 - 1216 cm-1, 633 - 644 cm"1 and 552 - 584 cm-1 
respectively. 
2.4 X-ray Crystal Structure of 2-C(O)MeC6H4N(H)P(O)Ph2 2.5 and 2-
C(O)OMeC6H4N(H)P(Se)Ph2 2.15 
Crystals of 2-C(O)MeC6~N(H)P(O)Ph2 2.5 and 2-C(O)OMeC6~N(H)P(Se)Ph2 2.15 
suitable for X-ray crystallography were grown over 3 d by layering CDCh solutions 
with diethyl ether and light petroleum. The crystal structures of both compounds 
(Figure 2.1 and 2.2) and selected bond lengths and angles (Table 2.6) are similar. The 
X-ray crystal structure of 2.5 was broadly as anticipated, with a P(1)-0(1) bond 
length of 1.472(2) (molecule 1) and 1.470(2) A (molecule 2), shorter than that 
observed in Ph2PN(H)P(O)Ph2 [1.508(2) A], which existed in the solid state as a 
hydrogen-bonded dimer pair.257 Furthermore there is a strong intramolecular N-H···O 
hydrogen bond [N(l)-··0(19) 2.62 A, H(1)-··0(19) 1.78 A; N(1)-H(l)-··O 143° 
(molecule 1); N(21)-··0(21) 2.64 A, H(21)--·0(21) 1. 82 A; N(21)-H(21)···0 141° 
(molecule 2)]. The overall geometry of 2-C(O)OMeC6~N(H)P(Se)Ph2 2.15 is 
expected and similar to that of 2.5. The P=Se bond length 2.093(2) (molecule 1) and 
2.096(2) A (molecule 2) are similar to those observed for Ph2P(Se)N(H)P(Se)Ph2 
[2.101(1) and 2.085(1) A]. 106 Like 2.5 there is a strong intramolecular N-H···O 
hydrogen bond between the carbonyl oxygen [0(19)] and the NH proton 
[N(l)--·0(19) 2.66 A, H(l)-··0(19) 1.82 A; N(1)-H(l)-··0(19) 143° (molecule 1); 
N(21)--·0(21) 2.68 A, H(21)--·0(21) 1. 87 A; N(21)-H(21)···0(21) 138° (molecule 
2)]. This is also evident from theIR spectrum which shows v(NH) at 3193, 3172 cm-1 
(c.f 3248 cm-1 for 2.3). 
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Figure 2.1 X-ray crystal structure of 2-C(O)MeC6RtN(H)P(O)Phz 2.5. 
Only one of the two independent molecules is depicted. 
Figure 2.2 X-ray crystal structure of 2-C(O)OMeC6RtN(H)P(Se)Phz 2.15. 
Only one of the two independent molecules is depicted. 
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Table 2.6 Selected bond lengths (A) and angles CO) for 2-C(O)MeC6~N(H)P(O)Ph2 
2.5 and 2-C(O)OMeC6~N(H)P(Se)Ph2 2.15. 
2.5 2.15 
P(1)-E(1) 1.472(2) [1.470(2)t 2.093(2) [2.096(2)]a 
P(1)-N(1) 1.654(2) [1.660(2)] 1.657(6) [1.673(6)] 
C(19)-0(19) 1.226(3) [1.228(2)] 1.200(9) [1.230(8)] 
C(19)-0(20) 1.325(9) [1.458(11)] 
E(l )-P(1 )-N(l) 115.84(8) [117.04(9)] 118.0(3) [117.6(2)] 
a Equivalent values for the second molecule are given in square brackets. 
2.5 Square Planar Metal(II) Complexes of Ph2PN(H)R 
A general method for the synthesis of cis-[PtCh(PR3)2] complexes is reaction of 
[PtCh(cod)] (cod = cycloocta-1,5-diene) with two equivalents of PRl58 although 
other routes are known. Very few coordination studies of Ph2PN(H)R have been 
documented. In the case of Ph2PN(H)Ph only two complexes have been reported, a 
triosmium cluster [Os3(CO)u {PPh2N(H)Ph} t 8 and the molybdenum complex 
[Mo(CO)s{PPh2N(H)Ph} ].70 Hence the coordination capabilities of our new ligands 
were investigated by studying their reactions with various metal precursors. 
2.5.1 Synthesis and characterisation of cis-[PtCh(Ph2PN(H)R)2] 
Ligand displacement of cod from [PtCh(cod)] with 2 equivalents ofPh2PN(H)R 2.1-
2.4 gave cis-[PtCh{Ph2PN(H)R}2] 2.17- 2.20 in good yields (typically 80%). The 
31PeH} NMR spectra show a single resonance at o(P) 30 ppm flanked by 195Pt 
satellites for all four platinum complexes. The large 1 J(PtP) coupling constants, 
typically 4000 Hz, were in agreement with values previously found for platinum(II) 
complexes where the phosphorus is trans to chloride.89 The 195PteH} NMR spectra 
(in CDCh) displayed a triplet, characteristic of two coordinated Ph2PN(H)R ligands 
bound to platinum, typically observed at o(Pt) -4200 ppm. The 1H NMR spectra 
showed a multiplet in the range o 10.25 - 8.91 ppm assigned to the amine proton, 
which showed both 2 J(PH) and 3 J(PtH) coupling of typically 6 and 28 Hz 
respectively. The methyl resonances of the keto and ester groups essentially remain 
unchanged upon coordination compared to the free ligands. A summary ofNMR data 
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Table 2. 7 Selected IR data a for 2.17- 2.20. 
v(NH) v(C=O) v(PN) v(PtCl) 
2.17 3151,3188 1639 920 314,289 
2.18 3200,3170 1624 904 318,294 
2.19 3194,3174 1687 922 316,293 
2.20 3240 1725, 1686 928 311,287 
a Recorded as KBr pellets. In cm· . 
is shown in Table 2.11. Additional evidence in support of a cis configuration can be 
seen in the IR spectra which show two distinct v(PtCl) stretches in the 280 - 320 cm"1 
region consistent with a cis-PtCh geometry. TheIR spectra 2.17- 2.20 also showed 
bands centred at 3188 cm-1, 1672 cm"1 and 919 cm-1 indicative ofv(NH) v(C=O) and 
v(PN) respectively (Table 2. 7). 
2.5.2 X-ray Crystal Structure of cis-[PtCh{Ph2N(H)R}2] (R = 2-C(O)OMeC6H4 
2.19 or 2,5-{C(O)OMe}2C6H3 2.20) 
To confirm the structure of 2.19 and 2.20 single X-ray diffraction studies were 
undertaken. Suitable crystals of cis-[PtCh{Ph2N(H)R}2] (R = 2-C(O)OMeC6~ 2.19 
or 2,5-{C(O)OMe}2C6H3 2.20) were obtained by slow diffusion of diethyl ether into a 
dichloromethane solution. The molecular structures of 2.19 and 2.20 are shown in 
Figure's 2.3 and 2.4, and selected bond lengths and angles are given in Table 2.8. 
Both 2.19 and 2.20 display a cis geometry with respect to the phosphorus ligands, in 
addition 2.19 possessed a crystallographic twofold symmetry, the platinum located on 
a twofold axis. The platinum(II) centres are both distorted square planar [Cl(1)-Pt(l)-
Cl(1A) 86.6(1), Cl(l)-Pt(1)-P(1) 172.2(1), P(1)-Pt(1)-P(1A) 95.9(2)0 for 2.19, and 
Cl(1)-Pt(1)-Cl(2) 87.07(3), Cl(1)-Pt(l)-P(2) 169.58(3), Cl(2)-Pt(l)-P(1) 174.49(3), 
Cl(l)-Pt(1)-P(1) 87.97(3), Cl(2)-Pt(l)-P(2) 82.90(3), P(l)-Pt(1)-P(2) 101.92(3)0 for 
2.20]. Another feature of compounds 2.19 and 2.20, common to the previous 
structures of 2.5 and 2.15, is the strong intramolecular hydrogen bonding between the 
carbonyl moiety and the amine proton [N(l)-··0(19) 2.65 A, H(l)···0(19) 1.77 A; 
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N(1)--H(1)"··0(19) 147° for 2.19; N(l)--·0(19) 2.67 A, H(1)"··0(19) 1.87 A; N(l)-
H(1)"··0(19) 138°, N(2)···0(41) 2.65 A, H(2)"-·0(41) 1.77 A; N(2)--H(2)···0(41) 147° 
for 2.20]. The crystal structures reveal that each molecule of 2.19 crystallises with 3 
molecules of chloroform and 2.20 with one molecule of chloroform. 
Table 2.8 Selected bond lengths (A) and angles CO) for cis-[PtCh{2-
C(O)OMeC6~N(H)PPh2}2] 2.19 and cis-[PtCh{2,5-{C(O)OMe}2C6H3N(H)PPh2}2] 
2.20. 
2.19 2.20 
Pt(1)-P(1) 2.247(3) 2.2522(9) 
Pt(1)-P(2) 2.2521(9) 
N(1)-P(1) 1.666(9) 1.695(3) 
N(2)-P(2) 1.697(3) 
C(19)-0(19) 1.21(1) 1.215(5) 
C( 41 )-0( 41) 1.213(5) 
Cl(1)-Pt(1) 2.362(3) 2.3580(9) 
Cl(2)-Pt(l) 2.3751(9) 
P(l )-Pt(1 )-P 95.9(2) 101.92(3) 
Cl( 1 )-Pt( 1 )-Cl 86.6(1) 87.07(3) 
P(1 )-Pt(1 )-Cl(l) 89.1(1) 87.97(3) 
P(2)-Pt(1 )-Cl(2) 82.90(3) 
Cl(1 )-Pt(1 )-P(2) 169.58(3) 
Cl(2)-Pt(1 )-P(l) 174.49(3) 
Pt(1 )-P(1 )-N(l) 117.5(3) 120.75(11) 
Pt(1 )-P(2)-N(2) 123.37(12) 
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Figure 2.3 X-ray crystal structure of cis-[PtCh{2-C(O)OMeC6f4N(H)PPh2h] 2.19. 
Figure 2.4 X-ray crystal structure of 
cis-[PtCh{2,5-{C(O)OMe}2C6H3N(H)PPh2h] 2.20. 
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2.5.3 Synthesis and Characterisation of cis'-[PtMe2(Ph2PN(H)R)2] 
A useful entry to dimethylplatinum(II) complexes involves displacement of cod from 
the readily available complex, [PtMe2(cod)] with an appropriate ligand (e.g. 
phosphine or phosphite). To the best of the author's knowledge no examples of 
[PtMe2{R2PN(H)R'h] complexes have been reported and consequently the 
coordination potential of 2.1 - 2.4 with [PtMe2(cod)] investigated. The 
[PtMe2{Ph2PN(H)R}2] complexes of2.1- 2.4 were prepared by ligand substitution of 
cod from [PtMe2( cod)] in an analogous manner to the synthesis of 2.17 - 2.20 (Eqn 
2.3). The 31PeH} NMR spectra (in CDCh) showed a single resonance around <>(P) 50 
ppm with associated 195Pt satellites [1J(PtP) 2000 Hz] (Table 2.11). These smaller 
1J(PtP) couplings relative to 2.17 - 2.20 were consistent with the different trans 
influences of the methyl and chloride ligands. The 195PteH} NMR spectra (in CDCh) 
displayed a triplet at <>(Pt) -4500 ppm, an upfield shift of 300 ppm compared to 2.17-
2.20 and likewise a consequence of the different trans ligands. The two cis methyl 
groups appear as multiplets in the 1H NMR spectra generally at <>(H) 0.55 ppm, 
flanked by platinum satellites eJ(PtH) 69Hz], furthermore 3 J(PH) couplings are also 
observed e J(PH) 7 Hz]. The amine proton appeared as a multiplet in the range o 
10.01-8.90 ppm, showing only a 3J(PtH) coupling of21 Hz. The 2J(PH) coupling 
was only observed in cis-[PtMe2{2-C(O)OMeC61ltN(H)PPh2}2] 2.23 eJ(PH) 2.8 Hz] 
and approximately half that of the 2J(PH) couplings observed in 2.17 - 2.20. The 
methyl resonances of the keto and ester groups have not shifted significantly upon 
coordination. The IR spectra display bands in the regions 3129 - 3238 cm-\ 1625 -
1720 cm-1 and 898 - 925 cm-1, typical of v(NH), v(C=O) and v(PN) respectively 
(Table 2.9). 
Table 2.9 Selected IR data a for 2.21 - 2.24. 
v(NH) v(C=O) v(PN) 
2.21 3163,3129 1643 906 
2.22 3168,3139 1625 898 
2.23 3238 1692, 1679 905 
2.24 3228 1720, 1684 925 
a Recorded as KBr pellets. In cm-. 
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2.5.4 Synthesis and Characterisation of cis/trans-[PdCh{Ph2PN(H)R}2] 
The cis/trans-[PdCh{PhzPN(H)Rh] complexes 2.25 - 2.28 were prepared using 
[PdCh(cod)] as a suitable source of "PdCh" and isolated in the same manner as for 
the platinum(II) analogues 2.17-2.24 (Eqn 2.3). The 31PeH} NMR spectrum of2.25 
2 PhzPNHR + [~(cod)] 
R= &Me &Ph 
M=Pt,X=Cl 2.17 2.18 
M=Pt,X=Me 2.21 2.22 
M=Pd,X=Cl 2.25 2.26 
-..:::: OMe op &OMeMeO I.& 
2.19 
2.23 
2.27 
0 
2.20 
2.24 
2.28 
Eqn 2.3 
showed two phosphorus resonances assigned as a mixture of cis and trans isomers 
[3(P) 53.0 ppm and 3(P) 45.8 ppm respectively]. This observation has previously been 
seen with other monosubstituted (phosphino )amine palladium systems. 89 Compounds 
2.26- 2.28 displayed a single resonance in their 31PeH} NMR spectra assigned as 
the trans isomers, typically at 3(P) 45 ppm (Table 2.11). To further confirm the trans 
geometry, with the exception of 2.25 which displayed two distinct v(PdCl) stretches, 
2.26 - 2.28 showed one discrete v(PdCl) band in their IR spectra. In addition only one 
distinct band in the v(NH) region was observed for the trans complexes 2.26 - 2.28 
(Table 2.10). Attempts to crystallise 2.27 for X-ray crystallography were 
unsuccessful, crystals that were obtained were shown to be the known compound 
p~ Phz 
0:-::-.P' Cl P-O 
, ' / / ---- ·. 
H, Pd ""-Pd .H 
· .. ---- / "cl/ "'- · O-P P~O 
Phz Phz 
2.29 
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1J(PtP) 
8H 8H 
8H 2 J(PtH) 3 J(PH) Compound 8P 8Pt 2 J(PH) 3 J(PtH) 8H(Me) (NH) (Aromatic) (PtMe2) 
2.17 cis-[PtCh{2-C(O)MeC6l4N(H)PPh2h] 29.8 4029 -4236 10.25 5.4 24.6 7.81-6.70 2.55 
2.18 cis-[PtCh { 2-C(O)PhC6l4N(H)PPh22h] 30.5 4016 -4247 9.58 5.8 29.6 7.80-6.70 
2.19 cis-[PtCh{2-C(O)OMeC6l4N(H)PPh2h] 29.7 4038 -4260 9.03 6.0 31.0 7.86-6.72 3.84 
2.20 cis-[PtCh{2,5-{C(O)OMe}2C6H3N(H)PPh2h] 33.1 4056 -4269 8.91 6.1 26.6 7.86-7.17 3.75, 3.74 
2.21 cis-[PtMe2{2-C(O)MeC6l4N(H)PPh2h] 51.3 2028 -4510 10.01 21.5 7.95-6.71 2.56 0.54 69.2 6.5 
2.22 cis-[PtMe2{2-C(O)PhC6l4N(H)PPh2h] 52.0 2028 -4512 9.46 21.0 8.00-6.66 0.59 68.8 6.8 
-...1 
0 
2.23 cis-[PtMe2 { 2-C(O)OMeC6l4N(H)PPh2}2] 51.0 2032 -4510 8.90 2.8 20.8 7.88-6.71 3.85 0.54 69.0 6.8 
2.24 cis-[PtMe2{2,5-{C(O)OMe}2C6H3N(H)PPh2h] 51.9 2019 -4509 9.01 21.0 7.96-7.05 3.87, 3.83 0.61 69.6 6.8 
2.25a cis-[PdCh { 2-C(O)MeC6l4N(H)PPh2hl 53.0 10.45 7.95-6.80 2.61 
2.25b trans-[PdCh { 2-C(O)MeC6l4N(H)PPh2hl 45.8 10.45 7.95-6.80 2.61 
2.26 trans -[PdCh { 2-C(O)PhC6l4N(H)PPh2hl 46.7 9.33 7.1 7.86-6.74 
2.27 trans -[PdCh { 2-C(O)OMeC6l4N(H)PPh2hl 44.5 9.40 8.2 7.95-6.77 3.91 
2.28 trans -[PdCh{2,5-{C(O)OMehC6H3N(H)PPh2h] 44.8 7.92 8.1 7.56-7.26 3.90 
a Spectra measured in CDCh. Chemical shifts [oe1P), oCH), [oC95Pt)] in ppm. Coupling constants(.!) in Hz. 
Table 2.10 Selected IR dataa for 2.25- 2.28. 
Compound v(NH) v(C=O) v(PN) v(PdCl) 
2.25 3156, 3122, 1639 919 319,294 
2.26 3216 1649 904 302 
2.27 3272 1715 919 318 
2.28 3173 1724, 1702 924 292 
a Recorded as K.Br pellets. In cm· . 
[{PdCl(C6Hs)2PO···H···OP(C6Hs)2}2] 2.29?59 31PeH} NMR of the crystals obtained 
showed 2.29 as the major species at o(P) 78.3 ppm. 31PeH} NMR monitoring of 
solutions of 2.25 - 2.28 in CDCh over a period of three weeks showed in all cases 
gradual decomposition to 2.29. 
2.6 Gold Complexes ofPh2PN(H)R 
Reaction of Ph2PN(H)R with [AuCl(tht)] m a 1:1 stoichiometry proceeds with 
displacement oftht to afford the gold(l) compounds [AuCl{Ph2PN(H)R}] 2.30-2.33 
as air stable white solids. The complexes exhibited the expected spectroscopic and 
analytical properties. Hence a single, sharp resonance, in their 31 P { 1 H} NMR spectra 
(in CDCh) at o(P) 55 ppm (Table 2.12) was observed in all cases. The 1H NMR 
spectra showed the amine proton as a doublet at ea. o(H) 9.5 ppm e J(PH) 6 Hz ]. The 
Table 2.12 31PeH} and 1H NMR dataa for 2.30- 2.33. 
oH oH oH 
Compound oP 2J(PH) 
(NH) (Aromatic) (Me) 
2.30 [AuC1{2-C(O)MeC6RtN(H)PPh2}] 55.3 10.3 6.2 7.92-6.96 2.66 
2.31 [AuC1{2-C(O)PhC6IltN(H)PPh2}] 55.8 9.7 5.8 7.86-6.92 
2.32 [AuCl {2-C(O)OMeC6l4N(H)PPh2}] 55.6 9.3 6.1 8.04-6.93 3.89 
2.33 [AuC1{2,5-{C(O)OMe}2C6H3N(H)PPh2}] 56.4 9.7 5.4 8.10-7.50 3.92, 3.85 
a Spectra measured in CDCh. Chemical shifts [oe1P), ociH)l in ppm. Coupling 
constants(.!) in Hz. 
2 J(PH) coupling was marginally smaller than the coupling observed for the free 
ligands 2.1 - 2.4 eJ(PH) 8 Hz] and identical to the coupling observed for the 
71 
platinum(II) chloride complexes 2.17- 2.20 eJ(PH) 6Hz]. From theIR spectra the 
v(NH) bands are observed in the range 3116- 3214 cm-1• Also identified are the 
v(C=O) and v(PN) bands around 1626- 1721 cm-1 and 913- 943 cm-1 respectively. 
Finally a strong v(AuCl) band is observed at ea. 320 cm-1 (Table 2.13), characteristic 
of [AuCl(PR3)] complexes. 
Table 2.13 Selected IR data a for 2.30- 2.33. 
Compound v(NH) v(C=O) v(PN) v(MCl) 
2.30 3153,3116 1642 922 320 
2.31 3204,3176 1626 913 330 
2.32 3205 1681 926 328 
2.33 3214,3144 1721, 1682 943 328 
a Recorded as KBr pellets. In cm- . 
2.7 X-ray Crystal Structure of [AuCl{2-C(O)MeC6H4N(H)PPh2}] 2.30 
Suitable crystals of [AuC1{2-C(O)MeC6~N(H)PPh2}] 2.30 for X-ray analysis were 
grown, in the dark, by allowing hexane to diffuse into a chloroform solution of 2.30 
The molecular structure is shown in (Figure 2.5 with selected bond lengths and angles 
in Table 2.14). Molecules of 2.30 contain an essentially linear gold(l) centre [Cl(l)-
Au(l)-P(l) 177.55(6)0 ] comparable to that observed for [AuCl{Ph2PN(H)py-P}] 
[Cl(l)-Au(l)-P(l) 177.14(5)0 ] and slightly larger than the angle observed for 
[AuCl{Ph2PN(H)P(O)Ph2-P}] [Cl(l)-Au(l)-P(l) 174.2(2), Cl(l)-Au(l)-P(l) 
174.8(3)0 (two independent molecules)].76,260 The structure of 2.30 showed the 
presence of an intramolecular hydrogen bond between the N(l)-H(l) proton and the 
carbonyl group [C(19)-0(19) [N(1)···0(19) 2.63 A, H(l)-··0(19) 1.96 A; N(l)-
H(l)-··0(19) 123°]. In contrast the complexes [AuCl{Ph2PN(H)py-P}] and 
[AuCl{Ph2PN(H)P(O)Ph2-P}] both form infinite !-dimensional chains via 
intermolecular hydrogen bonding through N-H···N pyridyl or N-H···O interactions 
respectively. 
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Figure 2.5 X-ray crystal structure of 
[AuCl {2-C(O)MeC6~N(H)PPh2}] 2.30. 
Table 2.14 Selected bond lengths (A) and angles e) for [AuC1{2-
C(O)MeC6~N(H)PPh2}] 2.30. 
Au(1)-Cl(1) 
P(l)-N(1) 
Cl(l)-Au(1)-P(1) 
2.293(2) 
1.674(5) 
177.55(6) 
Au(l)-P(1) 
C(19)-0(19) 
Au(l)-P(1)-N(l) 
2.232(2) 
1.199(9) 
113.9(2) 
2.8 Bridge Cleavage Reactions of Rhodium(III) and Rutbenium(II) dimers with 
Ph2PN(H)R 
A useful entry point to mononuclear areneruthenium(II) and 
pentamethylcyclopentadienylrhodium(III) complexes is chloro bridge cleavage of a 
suitable precursor with the appropriate stoichiometry of ligand (e.g. phosphine, 
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phosphite). Hence reaction of the dimers [{RhCl(J.1-Cl)(TJ5-CsMes)h] or [{RuCl(J.1-
Cl)(TJ6-arene)}2] (arene = -p-MeC6HiPr, C6Me6, C6H6) with 2.1 - 2.4 gave the 
mononuclear complexes 2.34 - 2.50 (Scheme 2.1 ). 
;(){ 
Ru .. 
I \ 1111L 
Cl Cl 
R= 
[ {RhCh( 115 -CsMes){Ph2PN(H)R}] 2.34 
6 . [{RuCh(11 -p-MeC6H4'Pr){Ph2PN(H)R}] 2.39 
[ {RuCh( 116 -C6Me6){Ph2PN(H)R}] 2.43 
[{RuCh(116-C~6){Ph2PN(H)R}] 2.47 
2.35 
2.40 
2.44 
2.48 
DOMo 0}-oMo 
ll) MeO~ 
0 
2.36 2.37 
2.41 2.42 
2.45 2.46 
2.49 2.50 
Scheme 2.1. Reaction of Ph2PN(H)R with (i) [{RhCl(J.1-Cl)(T)5-CsMes)h] (ii) 
[ {RuCl(Jl-Cl)( 116 -p-MeC6f4;Pr) }2] (iii) [ {RuCl(J.1-Cl)( 116 -C6Me6) }2] or (iv) [ {RuCl(Jl-
Cl)(T)6-C6H6)}2] in CH2Ch. 
2.8.1 Synthesis and characterisation of [RhCh(TJ5-CsMes){Ph2PN(H)R}] 
Reaction of2.1- 2.4 with [{RhCl(J.1-Cl)(T)5-CsMes)h] in CH2Ch at room temperature 
gave [RhCh(115-CsMes){Ph2PN(H)R}] 2.34-2.37 as red solids. The 31PeH} NMR 
spectra of 2.34 - 2.37 display a doublet at ea. 8(P) 55 ppm, downfield with 
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Compound <>P IJ(RhP) ()H 2J(PH) <>H <>H(lls_ 4J(PH) 
(NH) (Aromatic) <>H (Me) CsMes) 
2.34 [RhCh(115-CsMes)(2-C(O)MeC6~N(H)PPh2)] 54.1 154 10.5 7.5 8.10-6.80 2.72 1.42 3.8 
--...) 2.35 [RhCh(11 5-CsMes)(2-C(O)PhC6~N(H)PPh2)] 55.5 156 9.8 11.5 8.14-7.03 1.42 3.8 Vl 
2.36 [RhCh( 115 -CsMes)(2-C(O)OMeC6~N(H)PPh2)] 53.8 154 9.4 9.3 8.13-6.65 3.98 1.42 3.8 
2.37 [RhCh(115-CsMes)(2,5-(C(O)OMe)2C6~N(H)PPh2)] 55.8 154 9.1 14.8 8.13-7.13 4.00, 3.68 1.42 3.7 
2.38 [RhCh(l')5-CsMes){Ph2PN(H)C6Hs}] 60.3 145 6.23 11.7 8.02-6.50 1.40 3.7 
a Spectra measured in CDCh. Chemical shifts [<>C1P)] in ppm. Coupling constants(.!) in Hz. 
respect to the free ligands and a 1J(PRh) coupling of ea. 155 Hz (Table 2.15). The 
rhodium-phosphorus coupling was typical of a phosphorus coordinated to a 
rhodium(III) metal centre.84 TheIR spectra of2.34- 2.37 show characteristic, weakly 
absorbing N-H vibrations, strong v(C=O) and strong v(PN) stretches. A rhodium(III) 
complex, 2.38, containing the nonfunctionalised ligand Ph2PN(H)Ph was also 
prepared by a similar method and displayed similar spectroscopic (Table 2.15 and 
Table 2.16) and microanalytical properties. This indicates that ortho functional group 
inclusion has little effect on the NMR parameters presented here. 
Table 2.16 Selected IR data a for 2.34- 2.38. 
Compound v(NH) v(C=O) v(PN) 
2.34 3173 1646 913 
2.35 3175 1628 896 
2.36 3306,3283 1707 921 
2.37 3290 1719, 1708 934 
2.38 3303 927 
a Recorded as KBr pellets. In cm- . 
2.8.2 X-ray crystal structures of 2.36, 2.37 and 2.38 
Of the five rhodium complexes synthesised, three illustrative examples have been 
characterised by X-ray crystallography. The molecular structures of [RhCh(115-
CsMes){2-C(O)OMeC6~N(H)PPh2}] 2.36 (Figure 2.6), [RhCh(115-CsMes){2,5-
(C(O)OMe)2C6H3N(H)PPh2}] 2.37 (Figure 2.7) and [RhCh(115-
C5Me5){Ph2PN(H)C6Hs}] 2.38 (Figure 2.8) all reveal the expected monodentate P-
coordination mode of the (phosphino )amine ligand. Selected bond lengths and angles 
for 2.36, 2.37 and 2.38 are collected in Table 2.17. The crystal structures of all three 
examples show that each molecule has a three-legged, 'piano stool' structure. The 
rhodium(III) centre is coordinated by a 115 -C5Me5, two chlorides and a 
(phosphino)amine ligand. The Rh-P [Rh(1)-P(l) 2.3146(7) A for 2.36, Rh(l)-P(l) 
2.316(2) A [2.320(2) A] for 2.37 and Rh(l)-P(l) 2.319(1) A for 2.38] and Rh-Cl 
[Rh(1)-Cl(2) 2.4153(8) A for 2.36, Rh(1)-Cl(2) 2.417(2) A [2.411(2) A] for 2.37, 
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Rh(1)-Cl(2) 2.386(1) A and for 2.38] are similar for all three structures. The carbonyl 
moieties in compounds 2.36 and 2.37 are both involved in strong intramolecular 
hydrogen bonding to the N-H proton [N(1)"··0(19) 2.67 A, H(1)"··0(19) 1.87 A; 
N(1)-H(1)"··0 137° for 2.36, N(l)-··0(19) 2.70 A, H(l)--·0(19) 1.95 A; N(1)-H(1)···0 
132° (molecule 1); N(21)···0(21) 2.80 A, H(21)"··0(21) 1. 97 A; N(21)-H(21)···0 
141° (molecule 2) for 2.37]. Contrastingly [RhCh(115-C5Me5){Ph2PN(H)C6H5}] 2.38, 
possessing no functional group on the -N(H)C6Hs ring displays an intramolecular N-
H···Cl hydrogen bond [N(1)···Cl(1) 3.15 A, H(1)-··Cl(1) 2.51 A; N(1)-H(1)-··Cl(1) 
121 °]. 
Table 2.17 Selected bond lengths (A) and angles CO) for the rhodium complexes 2.36, 
2.37 and 2.38. 
2.36 2.37 2.38 
Rh(1)-Cl(1) 2.3954(8) 2.393(2) [2.404(2)]a 2.429(1) 
Rh(l)-P(1) 2.3146(7) 2.316(2) [2.320(2)] 2.319(1) 
Rh(1 )-Cl(2) 2.4153(8) 2.417(2) [2.411(2)] 2.386(1) 
P(1)-N(1) 1.686(2) 1.671(6) [1.688(5)] 1.665(3) 
C(19)-0(19) 1.211(4) 1.213(8) [1.199(8)] 
C(19)-0(20) 1.333(4) 1.336(9) [1.308(9)] 
C(21 )-0(21) 1.193(9) [1.186(7)] 
C(21)-0(22) 1.307(9) [1.330(7)] 
Rh( 1 )-C range 2.162(3)-2.225(3) 2.157(7)-2.222(7) 2.142( 4)-2.218( 4) 
[2.155(6)-2.220(7)] 
P(1 )-Rh(1 )-Cl(1) 86.71(3) 84.45(7) [86.51 (7)] 90.16(4) 
P(1 )-Rh(1 )-Cl(2) 90.74(3) 89.60(7) [90.02(7)] 86.62(4) 
Cl(1 )-Rh(1 )-Cl(2) 94.56(3) 92.72(7) [90.28(7)] 90.5(5) 
Rh(1)-P(1)-N(1) 109.93(9) 110.4(2) [106.4(2)] 107.1(1) 
C-Rh(1)-C range 36.94(11 )-64.22(11) 37.0(2)-64.0(3) 36.22-63.92 
[36.9(3)-65.2(3)] 
a Equivalent values for the second molecule are given in square brackets. 
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Figure 2.7 
X-ray crystal structure of 
[RhCh(115 -CsMes){2,5-
(C(O)OMe)2C6RtN(H)PPh2}] 2.37. 
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Figure 2.6 
X-ray crystal structure of 
[RhCh(115 -CsMes){2-
C(O)OMeC6RtN(H)PPh2}] 2.36. 
Figure 2.8 
X-ray crystal structure of 
[RhCh(115-CsMes) 
{C6HsN(H)PPh2}] 2.38. 
2.8.3 Synthesis and characterisation of [RuCh('rJ6-arene){Ph2PN(H)R}] (1')6-
arene = p-MeC6H.lPr, C6Me6 or C6116) 
A range of [RuCh(TJ6-arene){Ph2PN(H)R}] complexes were obtained by reaction of 
2.1 - 2.4 with [{RuCl(J.t-Cl)(TJ6-p-MeC6H/Pr)}2], [{RuCl(J.t-Cl)(TJ6-C6Me6)}2] or 
[{RuCl(J.t-Cl)(TJ6-C6H6)}2] (2:1 stoichiometry) in CH2Ch to give [RuCh(TJ6-p-
MeC6H/Pr){Ph2PN(H)R}] 2.39 - 2.42, [{RuCh(TJ6-C6Me6){Ph2PN(H)R}] 2.43 -
2.46 and [{RuCh(TJ6-C6H6){Ph2PN(H)R}] 2.47- 2.50 (Scheme 2.1). The 31PeH} 
NMR data for 2.39 - 2.50 are collected in Table 2.18. All the ruthenium complexes 
display a single phosphorus resonance around 8(P) 50 ppm, a downfield shift of 
approximately 20 ppm with respect to the free ligands. The 1H NMR spectra of2.39-
2.50 show well resolved, distinct resonances for the T)6-p-MeC6H/Pr, T)6-C6Me6 and 
T)6-C6H6 ancillary ligands (Table 2.19). Furthermore the amine protons were observed 
at ea. 8(H) 10 ppm, and the 2J(PH) couplings were much larger [10- 15 Hz] than in 
previous complexes (see Section 2.5). With the exception of [{RuCh(TJ6-C6H6){2-
C(O)OMeC6RtN(H)PPh2}] 2.48, the v(NH) can be identified as a strong band in the 
Table 2.20 Selected IR data8 for 2.39 - 2.50. 
Compound v(NH) v(C=O) v(PN) 
2.39 3169,3140 1661 905 
2.40 3297 1654 901 
2.41 3312,3287 1716, 170 922 
2.42 3285 1720, 1709 938 
2.43 3242 1687 914 
2.44 3211 1623 889 
2.45 3243 1688 914 
2.46 3288 1724, 1695 926 
2.47 3177 1645 921 
2.48 3075 1627 906 
2.49 3308 1710 930 
2.50 3277 1714, 1701 958 
a Recorded as K.Br pellets. In cm- . 
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Table 2.18 31PeH} NMR data8 for the ruthenium(II) arene complexes 2.39- 2.50. 
L [RuCh( 11° -p-MeC6~'Pr)(L )] 3P [RuCh( 11° -C6Me6)(L)] 3P [RuCh( 11° -C6H6)(L)] 3P 
2.1 2-C(O)MeC6~N(H)PPh2 2.39 51.3 2.43 53.9 2.47 50.8 
2.2 2-C(O)PhC6~N(H)PPh2 2.40 52.6 2.44 55.3 2.48 52.4 
00 
0 2.3 2-C(O)OMeC6~N(H)PPh2 2.41 50.5 2.45 53.5 2.49 50.5 
2.4 2,5-{C(O)OMe}2C6H3N(H)PPh2 2.42 52.2 2.46 55.2 2.50 51.6 
a Spectra measured in CDCh. Chemical shifts [ae1P)] in ppm. 
Table 2.19 1H NMR dataa for the arene ruthenium(II) complexes 2.39- 2.50. 
Compound oH (NH) 2J(PH) oH (Aromatic) oH (CH3) oH (C6(CH3)6) 
oH (CH3C6~'Pr) 
CH3, c6~, CHb 2CH3b 
' 
2.39 10.5 10.9 8.00-6.72 2.72 1.78, 5.32-5.15, 2.68 (7), 1.03 (7) 
2.40 9.6 10.4 8.05-6.76 1.78, 5.31-5.20, 2.67 (7), 1.00 (7) 
2.41 9.0 13.2 8.07-6.44 4.01 1.79, 5.30-5.22, 2.63 (7), 0.92 (7) 
2.42 8.7 15.1 
00 
8.13-7.07 4.02, 3.69 1.84, 5.28-5.14, 2.63 (7), 0.84 (7) 
- 2.43 10.3 14.6 7.95-6.45 2.07 1.83 
2.44 9.5 15.9 8.08-6.60 1.84 
2.45 9.3 15.0 7.96-6.30 3.96 1.82 
2.46 9.1 15.1 7.98-6.95 3.97, 3.60 1.82 
2.47 10.6 11.9 7.89-6.59 2.66 
2.48 9.8 11.1 8.01-6.77 
2.49 9.4 12.0 8.01-6.54 4.00 
2.50 8.9 10 8.01-7.03 3.94, 3.61 
a Spectra measured in CDCh. Chemical shifts [oCH)] in ppm. Coupling constants (.f) in Hz. 
b 3J(HH). 
region of 3100 - 3300 cm"1, characteristic of previously discussed complexes. 
Moreover the v(C=O) and v(PN) vibrations are observed between 1724 - 1623 cm"1 
and 889 - 958 cm"1 respectively (Table 2.20). 
2.8.4 X-ray Crystal Structures of2.41, 2.42, 2.46 and 2.50 
6 . 
The X-ray crystal structures of [{RuCh(TJ -p-MeC6Rt'Pr){2-
C(O)OMeC6!4N(H)PPh2}] 
(C(O)OMe )2C6H3N(H)PPh2}] 
(C(O)OMe )2C6H3N(H)PPh2}] 
2.41, 
2.42, 
2.46 and 
6 . [{RuCh(TJ -p-MeC6!4'Pr){2,5-
[ {RuCh(116-C6Me6){2,5-
(C(O)OMe)2C6H3N(H)PPh2}] 2.50 have been determined (Fig's 2.9 - 2.12) with 
selected bond lengths and angles presented in Table 2.21. The X-ray structures of 
Table 2.21 Selected bond lengths (A) and angles e) for the ruthenium arene 
complexes 2.41, 2.42, 2.46 and 2.50. 
2.41 2.42 2.46 2.50 
Ru(l)-Cl(1) 2.4115(8) 2.411(2) 2.408(2) 2.4055(8) 
Ru(1)-P(1) 2.3369(8) 2.347(2) 2.3252(13) 2.3461(8) 
Ru(1 )-Cl(2) 2.4158(8) 2.414(2) 2.4223(14) 2.4147(8) 
P(l)-N(1) 1.683(3) 1.675(6) 1.686(4) 1.677(2) 
C(19)-0(19) 1.216(5) 1.204(11) 1.199(7) 1.203(4) 
C(19)-0(20) 1.308(5) 1.308(11) 1.343(6) 1.304(4) 
C(21 )-0(21) 1.189(10) 1.183(7) 1.206(4) 
C(21 )-0(22) 1.342(11) 1.324(7) 1.328(4) 
2.179(3)- 2.181(8)- 2.199(5)- 2.167(3)-
Ru(l )-C range 2.237(3) 2.358(8) 2.274(5) 2.241(3) 
P(l)-Ru(1)-Cl(1) 88.59(3) 87.95(8) 89.6(2) 83.52(3) 
P(1)-Ru(1)-Cl(2) 85.66(3) 85.44(7) 84.60(5) 87.80(3) 
Cl(1 )-Ru(l )-Cl(2) 86.56(3) 86.84(8) 87.71(6) 88.54(3) 
Ru(l )-P(1 )-N(1) 110.68(10) 109.7(2) 110.3(2) 109.07(9) 
36.12(12)- 35.8(3)- 35.9(2)- 36.78(13)-
C-Ru(1)-C range 81.04(12) 81.0(3) 80.1(2) 79.42(13) 
82 
Figure 2.9 X-ray crystal structure 
of [{RuCh(116-p-MeC6lit;Pr){2-
C(O)OMeC61-LtN(H)PPh2}] 2.41. 
Figure 2.11 X-ray crystal structure 
of[{RuCh(116-C6Me6){2,5-
(C(O)OMe )2C6H3N(H)PPh2}] 2.46. 
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Figure 2.10 X-ray crystal structure 
of [ {RuCh(116-p-MeC61-Lt;Pr){2,5-
(C(O)OMe )2C6H3N(H)PPh2}] 2.42. 
Figure 2.12 X-ray crystal structure 
of [ {RuCh( 116 -C6H6) { 2, 5-
(C(O)OMe )2C6H3N(H)PPh2}] 2.50. 
2.41, 2.42, 2.46 and 2.50 display the classic 'piano-stool' geometry formed by the T)6 
ancillary ligand (TJ 6-p-MeC6H/Pr, T) 6-C6Me6 or T) 6-C6H6) and the three "legs" being 
the two chlorides and the phosphorus donor atom of the (phosphino )amine ligand. 
The Ru-P [Ru(l)-P(l) 2.4115(8) A for 2.41, 2.411(2) A for 2.42, 2.408(2) A for 2.46 
and 2.4055(8) A for 2.50] and Ru-Cl [Ru(1)-Cl(1) 2.4115(8) for 2.41, 2.411(2) A for 
2.42, 2.408(2) A for 2.46, and 2.4055(8) A for 2.50, and Ru(1)-Cl(2) 2.4158(8) A for 
2.41, 2.414(2) A for 2.42, 2.4223(14) A for 2.46, and 2.4147(8) A for 2.50] are 
similar for all four ruthenium structures. In all four cases there is an intramolecular 
N-H···O hydrogen bond. Within this series the hydrogen bond was observed between 
the C(O) and the N-H in complex 2.46 and the OMe of the ester group and the N-H 
in the other three structures 2.41, 2.42, and 2.50. [N(l)-··0(19) 2.69 A, H(1)-··0(19) 
1.87 A; N(l)-H(1)-··0(19) 140° for 2.46, N(l)-··0(20) 2.71 A, H(l)-··0(20) 1.92 A; 
N(1)-H(l)-··0(20) 136° for 2.41, for N(1)···0(20) 2.64 A, H(l)-··0(20) 2.00 A; N(l)-
H(1)--·0(20) 121° 2.42, N(1)···0(20) 2.66 A, H(l)···0(20) 1.85 A; N(1)-H(1)···0(20) 
137° for 2.50). 
2.9 Synthesis of phosphoramidite ligands 2-C(O)OMeC6H4N(H)(P02C6H4) and 
2-C(O)OMeC6H4N(H)(P02C2oH12) 
A major breakthrough in enantioselective carbon-carbon bond formation has been 
reported using chiral phosphoramidite ligands for copper catalysed dialkylzinc 
additions. It has been found that chiral phosphoramidates based on 2,2' -binapthol are 
surprisingly stable and show excellent chemo- and regioselectivities, short reaction 
times and complete conversions for 1 ,4-additions to en ones when used as a copper-
phosphoramidite catalyst.261 This current interest, and topical nature of possible 
applications has led us to investigate the possible synthesis of phosphoramidite 
systems in which additional functionalities (i.e. ester groups) are present in the carbon 
backbone. 
The synthesis of the new ligand 2-C(O)OMeC6~N(H)(P02C6~) 2.51 was achieved 
by dropwise addition of 1,2-phenylene phosphorochloridite in diethyl ether to methyl 
anthranilate in the same solvent, the latter containing one equivalent of Et3N as base 
(Eqn 2.4). The ligand 2.51 was isolated after work-up as an air, moisture and 
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c>-CI + 
2.51 
2.53 
Eqn 2.4 
temperature sensitive white crystalline solid in good yield (61 %). To avoid 
decomposition, 2.51 was stored under nitrogen at -10 °C. Ligand 2.51 was readily 
soluble in chlorinated solvents but decomposed readily in solution. The 31PeH} NMR 
showed a single resonance at o(P) 138 ppm, an upfield shift of 35 ppm with respect to 
1,2-phenylene phosphorochloridite. The 1H NMR displayed a broad peak at o(H) 9.33 
ppm and assigned to the amine proton. The methyl group was observed at o(H) 3.81 
ppm, similar to 2.3 [o(H) 3.85 ppm]. From the IR spectrum the v(NH) (3207 cm"\ 
v(C=O) (1693 cm-1) and v(PN) (909 cm-1) were clearly identified. The microanalysis 
and mass spectra results were not obtained for this ligand due to problems associated 
with its air and moisture sensitivity. 
The new ligand 2-C(O)OMeC6l4N(H)(P02C2oH12) 2.53 was synthesised as shown in 
Eqn 2.4. The synthesis of (rac-0,0-binaptholato )PCl 2.52 was carried out according 
to a previously reported procedure.262 The ligand 2.53 was subsequently obtained by 
reaction of2.52 with 2-C(O)OMeC6I4NH2 in Et20 with Et3N as base. The ligand was 
isolated as an air stable solid, in a very low yield of 6%. A single o(P) resonance was 
observed at o(P) 148.1 ppm in the 31PeH} NMR spectrum, a shift of 30 ppm upfield 
to that of 2.52. The amine proton was observed as a broad singlet at o(H) 8.83 ppm 
and the methyl resonance of the ester group was observed at o(H) 3.74 ppm, slightly 
upfield compared to 2.3 [o(H) 3.85 ppm] and 2.51 [o(H) 8 3.81 ppm]. TheIR showed 
a broad band at 3220 cm"1 and bands at 1687 and 917 cm"1 assigned as v(NH), v(C=O) 
and v(PN) respectively. 
85 
2.10 Square Planar Complexes of the Phosphoramidite Ligands 2.51 and 2.53 
2.10.1 Synthesis and characterisation of cis'-[PtX2{2-C(O)OMeC6RaN(H)(P02 
C6Ra)h] (X = Cl, Me) and cis'-[PtMe2{2-
C(O)OMeC6RaN(H)(P02C2oH12)h] 
Ligand 2-C(O)OMeC6RtN(H)(P02C6Rt) 2.51 reacts with [PtCh(cod)] m 
dichloromethane to afford a white solid 2.54 in good yield (80%). The 31P{1H} NMR 
displayed a sharp singlet at 3 87.6 ppm flanked by 195Pt satellites eJ(PtP) 5569Hz]. 
The platinum phosphorus coupling observed is much larger than seen in the 
platinum(II) chloride complexes 2.17 - 2.20 which typically display a 1 J(PtP) 
coupling of 4000Hz. The 1H NMR spectrum of2.54 showed a multiplet at 3(H) 10.40 
ppm which has been assigned to the amine proton. The IR spectrum supported a cis 
geometry with two distinct v(PtCl) stretches at 312 and 305 cm-1. Additionally the IR 
displays bands at 3117 and 3095, 1693 and 875 cm"1 characteristic ofv(NH), v(C=O) 
and v(PN) respectively. 
Reaction of 2.51 or 2-
C(O)OMeC6R.N(H)(P02C2oH12 2.53 with [PtMe2(cod)] in dichloromethane gave off-
white powders after workup, characterised as the dimethyl complexes cis-[PtMe2{2-
C(O)OMeC6RtN(H)(P02C6Rt)h] 2.55 and cis-[PtMe2{2-
C(O)OMeC6R.N(H)(P02C2oH12)}2] 2.56. The 31PeH} NMR of 2.56 showed two 
species tentatively assigned as a mixture of two isomers. In the complexes 2.55 and 
2.56 a downfield shift of ea. 10 ppm was observed (Table 2.22) with respect to the 
free ligands. The IR for both platinum methyl compounds display bands characteristic 
ofv(NH), v(C=O) and v(PN) (Table 2.23). 
2.10.2 Synthesis and characterisation of cis'ltrans-[PdCh{2-
C(O)OMeC61LaN(H)(P02C6H4)h] 
The palladium complex [PdCh{2-C(O)OMeC6RtN(H)(P02C6Rt)h] 2.57 was 
prepared and isolated in the same manner as for the platinum(II) chloride analogue 
2.54. The 31PeH} NMR displayed signals at 3(P) 90.0 and 3(P) 70.8 ppm assigned as 
the cis and trans isomers respectively, in a ratio of approximately 1:2. The bands 
observed in the IR suggest a cis arrangement in the solid state (Table 2.23). There 
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Table 2.22 31PeH} and 1HNMR dataa for cis-[PtCh{2-C(O)OMeC6H4N(H)(P02C6H4)}2] 2.54, cis-[PtMe2{2-C(O)OMeC6H4N(H)(P02C6H4)}2] 
2.55, cis-[PtMe2{2-C(O)OMeC6H4N(H)(P02C2oH12)}2] 2.56 and cis/trans-[PdCh{2-C(O)OMeC6H4N(H)(P02C6H4)}2] 2.57. 
1J(PtP) i>H i>H i>H Compound i>P i>H (PtMe2) 2J(PtH) 3J(PH) (NH) (Aromatic) (Me) 
2.54 cis-[PtCh{2-C(O)OMeC6H4N(H)(P02C6H4)}2] 87.5 5569 9.84 7.97-6.56 3.96 
2.55 cis-[PtMe2 {2-C(O)OMeC6H4N(H)(P02C6H4) }2] 145.7 2873 9.81 7.93-6.65 3.86 0.98 70.5 5.6 
146.5 2850 9.10 
2.56 cis-[PtMe2 {2-C( 0 )0MeC6H4N (H)(P02C2oH 12}2] 8.00-6.48 3.87 0.90 n.o 7.1 145.9 2903 9.03 
2.57a cis-[PdCh {2-C(O)OMeC6H4N(H)(P02C6H4) }2] 90.0 n.o 8.49-6.72 3.84 
2.57b trans-[PdCh {2-C(O)OMeC6H4N(H)(P02C6H4) }2] 70.8 n.o 8.49-6.72 3.84 
a Spectra measured in CDCh. Chemical shifts [ae1P), aciH)J in ppm. Coupling constants (J) in Hz. n.o =not observed. 
Table 2.23 Selected IR data a for 2.54 - 2.56. 
Compound v(NH) v(C=O) v(PN) v(MCl) 
2.54 3117,3095 1693 875 312,305 6 
2.55 3159 1687 855 
2.56 3226 1690 955 
2.57 3122,3095 1693 866 290,276 c 
a Recorded as KBr pellets. In cm-1• 6 M = Pt. cM = Pd. 
are two bands at 3122 and 3095 cm-1 assigned as the v(NH) stretches. Further bands at 
1693 cm-1 and 866 cm-1 are assigned to v(C=O) and v(PN) respectively and two 
v(PdCl) bands were observed at 291 and 276 cm-1• 
2.11 Bridge Cleavage Reactions of Rhodium(III) and Ruthenium(II) Dimers 
with 2.51 and 2.53 
2.11.1 Synthesis and characterisation of [RhCh(115-CsMes){L}] [L = 2-
C(O)OMeC6~N(H)(P02C6H4) and 2-C(O)OMeC6H4N(H)(P02C2oH12)] 
Eqn 2.5 
Reaction of 2.51 or 2.53 with [{RhCl(J.L-Cl)(115-CsMes)h] in CHzCh at room 
temperature gave [RhCh(TJ5-C5Me5){2-C(O)OMeC6~N(H)(POzC6~)}] 2.58 and 
[RhCh(TJ5-C5Me5){2-C(O)OMeC6~N(H)(POzC2oHu)}] 2.59 as red solids (Eqn 2.5). 
The 31PeH} NMR spectra display a doublet at ea. 3 135 ppm for both complexes. 
The phosphorus resonance has not shifted significantly for [RhCh(115-CsMes){2-
C(O)OMeC6~N(H)(P02C6~)}] 2.58 relative to the free ligand 2.51. In contrast a 
more pronounced downfield shift (ea. 15 ppm) for 
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Table 2.25 Selected IR dataa for 2.58- 2.59. 
Compound 
2.58 
2.59 
v(NH) 
3168 
3122,3095 
a Recorded as KBr pellets. In cm- . 
v(C=O) 
1698 
1718 
v(PN) 
852 
948,943 
[RhCh(rt5-CsMes){2-C(O)OMeC6l-4N(H)(P02C2oHl2)}] 2.59 relative to the free 
ligand 2.53 was observed. The rhodium complexes 2.58 and 2.59 both display a 
1J(RhP) coupling of ea. 220Hz, this observed coupling is 70 Hz larger than in the 
rhodium complexes containing the (phosphino )amine ligands 2.33 - 2.36. The 
31PeH} and 1H NMR data are given in Table 2.24. The IR spectra confirmed the 
presence ofNH, C=O and PN absorptions (Table 2.25). 
2.11.2 X-ray crystal structure of 
C(O)OMeC61LtN(H)(P02C2oH12)}] 2.59 
Crystals of [RhCh(TJ5-CsMes){2-C(O)OMeC6I-4N(H)(P02C2oHt2)}] 2.59 suitable for 
X-ray crystallography were obtained by diffusion of Et20 and petroleum ether (b.p. 
60 - 80°C) into a CDCh solution of 2.59. The X-ray structure (Fig 2.13, Table 2.32) 
of 2.59 displays a classic "piano stool" geometry formed by an 115 -CsMes ancillary 
ligand and the three "legs" are the two chlorides and the phosphorus donor atom of 
2.53. The Rh(l)-P(l) bond length [2.2782(8) A] is shorter than those observed for 
2.35, 2.36 and 2.38 [2.3146(7), 2.316(2) [2.320(2)] and 2.319(1) A respectively]. 
Furthermore the P(1)-N(l) bond length [1.643(2) A] is also shorter than those 
observed in the previously discussed structures [1.686(2) A for 2.35, 
1.671(6)[1.688(5)] A for 2.36 and 1.665(3) A for 2.38]. Contrastingly the Rh-Cl bond 
lengths in all four X-ray crystal structures are very similar [Rh(l)-Cl(1) 2.4008(8), 
Rh(l)-Cl(2) 2.4065(7) A for 2.59, Rh(1)-Cl(1) 2.3954(8), Rh(l)-Cl(2) 2.4153(8) A for 
2.35, Rh(1)-Cl(1) 2.393(2) [2.404(2)], Rh(1)-Cl(2) 2.417(2) [2.4112(2)] A for 2.36 
and Rh(l)-Cl(1) 2:429 (1), Rh(l)-Cl(2) 2.386(1) A for 2.38]. 
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Table 2.24 31PeH} and 1H NMR data a for [RhCh(TJ5 -CsMes){2-C(O)OMeC6RtN(H)(P02C6~)}] 2.58 and [RhCh(TJ5 -CsMes){2-
C(O)OMeC6~N(H)(P02C2oH12)}] 2.59. 
Compound 8P lJ(RhP) 8H(NH) 2J(PH) 8H 4J(PH) 8H (Aromatic) 8H (Me) (TJ 5-CsMes) 
2.58 137.9 224 9.63 28 7.92-6.51 3.94 1.70 6 
\0 
0 2.59 134.2 220 9.22 24 8.03-6.58 4.01 1.47 5 
a Spectra measured in CDCh. Chemical shifts [8C1P), oCH)l in ppm. Coupling constants (J) in Hz. 
,i c2a~· 
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Figure 2.13 X-ray Crystal structure of 
[RhCh(115-CsMes){2-C(O)OMeC6~N(H)(P02C2oH12)}] 2.59. 
Table 2.26 Selected bond lengths (A) and angles CO) for [RhCh(115-CsMes){2-
C(O)OMeC6~N(H)(P02C2oH12)}] 2.59. 
Rh(l)-Cl(1) 2.4008(8) Rh(1)-P(1) 2.2782(8) 
Rh(l )-Cl(2) 2.4065(7) P(l)-N(l) 1.643(2) 
P(1)-0(1) 1.621(2) P(1)-0(2) 1.6285(18) 
C(27)-(0)3 1.207(3) C(27)-0(4) 1.350(3) 
Rh( 1 )-C range 2.158(3)-2.02(3) 
P(l)-Rh(1)-Cl(1) 90.30(3) P(1)-Rh(1)-Cl(2) 92.64(3) 
Cl(1 )-Rh(1 )-Cl(2) 89.10(3) Rh(l )-P(l )-N(1) 114.92(8) 
Rh(1)-P(1)-0(1) 119.37(7) Rh (I)-P( 1 )-0(2) 111.14(7) 
C-Rh(1)-C range 37.95(1 0)-64.63(1 0) 
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2.11.3 Synthesis and characterisation of 6 . [RuCh(Tt -p-MeC6HiPr){2-
C(O)OMeC611.tN(H)(P02C6ll.t)}] 
Reaction of 2-C(O)OMeC6RtN(H)(P02C6Rt) 2.51 with the ruthenium(II) dimer 
[{RuCl(J.t-Cl)(Tt6-p-MeC6Rt;Pr)h] gave a pale red product in good yield (82%) 
(Equation 2.6). 
Eqn 2.6 
The solid, 2.60 was found to be sparingly soluble in common organic solvents e.g. 
CH2Ch, CHCh and DMSO. In the 31PeH} NMR a singlet at o(P) 139.6 ppm, similar 
to the rhodium(III) complex was observed. The IR spectra displayed bands at 3106, 
1697 and 841 cm"1 assigned as v(NH), v(C=O) and v(PN) respectively. The positive-
ion F AB mass spectrum displayed the correct, though very weak, parent-ion peak at 
mlz 593 along with a strong peak corresponding to [M-Clt. 
2.12 Synthesis of Ether and Thioether Substituted Ph2PN(H)R Ligands 
In preceding sections the facile synthesis of four new keto and ester modified 
(phosphino )amines has been demonstrated. Surprisingly very few studies of 0-donor 
functionalised (phosphino )amines have been reported85'86 and, given the interest in 
hemilabile ligands, 1 a range of new ether and thioether substituted ligands by the route 
shown in Eqn 2.7 were prepared. The ligands 2-MeOC6RtN(H)PPh2 2.65 and 2-
MeSC6RtN(H)PPh2 2.66 were unobtainable using the same method. An alternative, 
well documented method was employed instead, using tetrahydrofuran as solvent and 
a catalytic amount of dimethylaminopyridine (DMAP) (Eqn 2.8). The ligand 2.65 has 
recently been reported by Burrows et al. using thf as solvent in the absence of 
DMAP.89 The ligands 2.61 - 2.66 were isolated as pale yellow, moisture and air 
sensitive oils of ea. 80% purity (established by 31P{ 1H} NMR spectroscopy). During 
both of these reactions extra caution was necessary to ensure omission of water from 
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R= 
Et3N, E~O 
[-Et3NHC1] 
/ ~c/ ~9 0- / 
OMe ere~ 0 C 
""=::: OMe ~ 
I 0 2.63 
2.61 2.62 
P~PN(H)R 
Eqn 2.7 
the reaction to prevent formation of Ph2PP(O)Ph2, which is base catalysed?63 The 
aminophosphines 2.61 - 2.66 were characterised by multinuclear NMR (Tables 2.27), 
IR spectroscopy (Table 2.28) and mass spectrometry (Experimental section). The 
31PeH} NMR spectra of 2.65 and 2.66 display major species at o(P) 26.5 and 28.0 
ppm respectively, similar to those of ligands 2.1 - 2.4. The minor species appear as a 
doublet of doublets and can confidently be assigned as Ph2P(O)PPh2. The new ligands 
2.61-2.64 display a singlet 20 ppm further downfield [typically around o(P) 41 ppm] 
and presumably as a consequence of the alkyl spacer. The shift at o(P) 41 ppm was 
more characteristic of (phosphino )amines bearing an alkyl substituent on the nitrogen 
[cf. 42 ppm for Ph2PN(H)CH2CH20CH3].89 The amine group proton was not 
observed in the 1H NMR ofligands 2.61 and 2.62. The 1H NMR spectra of2.63 and 
2.64 showed a broad singlet at ea. 8(H) 2.3 ppm assigned as the amine proton, a D20 
exchange caused this resonance to disappear. Furthermore, for 2.65 and 2.66 the 
proton amine resonance shifted upfield to ea. 8(H) 5 ppm compared to 2.1 - 2.4. The 
IR showed v(NH) absorptions in the range 3396-3265 cm"1 and v(PN) at 931-910 
cm-1. For 2.61, 2.62, and 2.65 additional bands at 2835 cm"1 were observed and 
assigned to the C-H vibration of the OMe moiety. The positive ion FAB mass spectra 
for all six ligands showed the correct parent ion. However a weak ion corresponding 
P~PCl + 
E~N, thf 
DMAP 
-E~NHCl 
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X=OMe 2.65 
SMe 2.66 
Eqn2.8 
Table 2.27 31P { 1H} and 1H NMR data8 for the (phosphino )amines 2.61 - 2.66. 
<>H 2J(PH) 
()H <>H <>H 
Compound ()p 
(NH) (Aromatic) (CHz) (Me) 
2.61 2-MeOC6I4CHzN(H)PPhz 42.6 7.32-6.62 3.96c 3.58 
2.62 2-MeOC6I4(CHz)zN(H)PPhz 41.4 7.32-6.71 3.04, 2.65d 3.66 
2.63 (C4H30)CHzN(H)PPhz 42.9 2.31 7.94-6.06 4.10c 
2.64 (C4H60)CHzN(H)PPhz 42.1 2.36 7.92-7.24 3.81d 
2.65 2-MeOC6f4N(H)PPh2 26.5 5.12 7.0 7.86-7.27 3.87 
2.66 2-MeSC6f4N(H)PPhz 28.0 5.85 7.9 7.62-6.70 2.36 
a Spectra measured in CDCh. Chemical shifts [<>C1P), [<>ciH)l in ppm. Coupling 
constants (J) in Hz. b NH not observed. c Observed as a triplet. d Observed as a 
multiplet. 
to [M+O] was also observed, indicating that these ligands readily oxidise in solution 
to the corresponding phosphorus(V) oxides. 
2.13 Oxidation ofLigands 2.61-2.63 with Chalcogenides (0, S, Se) 
Ligands 2.61 - 2.63 react readily with hydrogen peroxide, elemental sulfur or grey 
selenium in thf to afford the corresponding phosphorus(V) compounds 2.67 - 2. 75. 
Unfortunately attempts to isolate 2.68, 2.69 and 2. 73 as solids were unsuccessful. The 
oxide, sulphide and selenide derivatives display a singlet in the 31PeH} NMR (Table 
2.29) ea. <>P(o) 24 ppm for 2.67- 2.69, ea. ()P(s) 59 ppm for 2.70-2.72 and ea. <>P(se) 
57 ppm for 2. 73 - 2. 75, compared to those ofthe chalcogenide derivatives ofligands 
Table 2.28 Selected IR data a for 2.61 - 2.66. 
Compound v(NH) v(OMe) v(PN) 
2.51 3380,3265 2835 931 
2.52 3396,3286 2834 910 
2.53 3381,3265 918 
8Recorded on NaCl discs. In cm·. 
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Table 2.29 31PeH} NMR dataa for the chalcogenide derivatives 2.67- 2.75. 
Compound oP(o) oP(s) oP(se) 1J(SeP) 
l-MeOC6!4CH2N(H)P(E)Ph2 2.67 23.9 2.70 59.8 2.73 57.1 757 
l-MeOC6!4(CH2)2N(H)P(E)Ph2 2.68 24.2 2.71 58.8 2.74 56.0 752 
(C4H30)CH2N(H)P(E)Ph2 2.69 24.4 2.72 60.0 2.75 57.8 761 
a Spectra measured in CDCh. Chemical shifts [oe1P)] in ppm. Coupling constants (.J) 
inHz. 
2.1-2.4 (ea. oP<o> 18 ppm for 2.5- 2.8, ea. oP(s) 50 ppm 2.9-2.12 and ea. oP(se) 45 
ppm 2.13- 2.16). The 1H NMR spectra of2.67- 2.75 display a broad singlet around 
o(H) 3.70 - 2.50 ppm and assigned to the amine proton. The IR spectra of these 
compounds show absorptions in the 3201 - 3167 cm"1 region, indicating v(NH) 
character. Vibrations observed between 2838 and 2834 cm"1 are indicative ofv(OMe). 
The bands in the range 877 and 942 cm-1 represent the single bond character ofv(PN). 
Table 2.30 1H NMR dataa for the chalcogenide derivatives 2.67- 2.75. 
oH(NH) oH (Aromatic) oH (CH2) oH(Me) 
2.67 3.05 7.95-6.85 4.126 3.80 
2.68 2.89 7.81-6.81 3.17c, 2.87b 3.65 
2.69 3.70 7.81-6.03 3.98 
2.70 3.51 8.05-6.84 4.08b 3.80 
2.71 2.50 7.92-6.83 3.15c, 2.89b 3.71 
2.72 2.75 8.04-6.16 4.12 
2.73 2.94 7.93-6.71 3.96b 3.65 
2.74 2.50 7.91-6.83 3.13c, 2.90b 3.71 
2.75 2.68 8.05-6.18 4.12 
a Spectra measured in CDCh. Chemical shifts [ociH)J in ppm. Coupling constants (.J) 
in Hz. b Observed as a triplet. c Observed as a quartet. 
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Table 2.31 Selected IR data8 for 2.67, 2.70-2.72 and 2.74- 2.75. 
Compound v(NH) v(OMe) v(PN) v(P=O) v(P=S) v(P=Se) 
2.67 3186 2838 877 1244 
2.70 3167 2831 923 690 
2.71 3199 2880 918 693 
2.72 3199 920 693 
2.74 3186 2834 916 543 
2.75 3201 942 552 
8Recorded as K.Br pellets. In cm- . 
The P=O, P=S and P=Se vibrations are observed at 1244 cm-1 (for 2.67) and in the 
range 690- 700 cm-1 (2.70 - 2.72) and 540- 560 cm-1 (2.74- 2.75) respectively 
(Table 2.31 ). 
2.14 Square Planar Complexes of Ph2PN(H)R (R = Ether and Thioether 
Substituents) 
2.14.1 Synthesis and characterisation of cis-[PtCh{Ph2PN(H)R}2] 
2 P~PN(H)R + [PtC12(cod)] 
R= 
n = 0, 2.76 
1, 2.77 
2, 2.78 
2.79 
Cl" /Cl 
/p\ 
p~p pp~ 
I I 
N(H)R N(H)R 
0-/ 0 c 
Hz 
2.80 2.81 
Eqn. 2.9 
By analogy with the procedure employed for the synthesis of 2.17 - 2.20, reaction of 
2.61-2.66 with [PtCh(cod)] under nitrogen in CH2Ch at room temperature gave the 
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compounds cis-[PtCh{Ph2PN(H)R}2] (Eqn 2.9) in 85-87% yield. The 31PeH} NMR 
spectra of 2.81 showed two species were present, <5(P) 35.5 ppm [1J(PtP) 3943 Hz] 
and <5(P) 19.2 ppm [1J(PtP) 3289 Hz] assigned as cis-
[PtCh{(C4H60)CH2N(H)PPh2hl 2.81 and [PtCh{Ph2PN(CH2(C4H60))PPh2}] 2.82 
respectively. An attempt to separate the two complexes has so far been unsuccessful. 
H:_;o1 P~ .c V 
Cl P-N 
"/ ii 
Pt 
/"' H Cl P-N -o P~ 'c 
H2 0 
2.81 2.82 
The 31PeH} NMR of2.76- 2.80 display a single resonance flanked by two platinum 
satellites (Table 2.32). The amine proton in 2. 76 and 2. 79 was observed as doublets 
eJ(PH) 8Hz], the 3J(PtH) coupling was not observed. In contrast for 2.77 and 2.78 
the amine proton was observed as a multiplet, the 2 J(PH) and 3 J(PH) coupling 
constants could not be assigned. Evidence in support of a cis arrangement for 2. 76 -
2.80 comes from the IR spectra which display two distinct v(PtCl) stretches. The IR 
also shows a broad band in the 3382-3137 cm-1 region and a band at 940-916 cm-1 
assigned as v(NH) and v(PN) respectively. 
The complex [PtMe2{2-MeOC6~N(H)PPh2hl 2.83 was synthesised using the same 
procedure as described in Section 2.5. Attempts to synthesise [PtMe2{2-
MeSC6~N(H)PPh2hl 2.84 were unsuccessful and afforded several products. The 
31PeH} NMR displayed the major species as [PtMe2{2-MeSC6~N(H)PPh2hl 2.84 
[<5(P) 79.9 ppm 1J(PPt) 2213 Hz], with additional peaks that were not assigned. The 
complex 2.83 displayed the expected spectroscopic and analytical properties 
characteristic of the platinum methyl complexes described previously (Tables 2.32 
and 2.33). 
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Table 2.32 31PeH}, 1H and 195PteH} NMR dataa for the complexes cis-[PtCh{Ph2PN(H)R}2] complexes 2.76 - 2.80, cis-
[PtMe2{Ph2PN(H)Rh] complex 2.83 and cis/trans-[PdCh{Ph2PN(H)R}2] complexes 2.85- 2.87. 
1J(PtP) 
oH 
2J(PH) oH oH oH Compound oP oPt 
(NH) (Aromatic) (CH2) (Me) 
2.76 cis-[PtCh{2-MeOC6~N(H)PPh2h] 29.7 3932 -4343 5.92 9 7.55-6.22 3.57 
2.77 cis-[PtCh { 2-MeOC6~CH2N(H)PPh2hl 35.1 3946 -4390 4.48b 7.56-6.67 3.48 3.64 
2.78 cis-[PtCh { 2-MeOC6~(CH2)2N(H)PPh2hl 34.4 3955 -4396 4.15b 7.40-6.73 3.64 3.64 
2.79 cis-[PtCh{2-MeSC6~N(H)PPh2hl 53.6 4038 5.68b 7.80-6.77 2.34 
2.80 cis-[PtCh{(C4H30)CH2N(H)PPh2}2] 34.9 3946 -4380 3.05 8 7.86-5.86 4.25 
2.83 cis-[PtMe2{2-MeOC6~N(H)PPh2hl 52.5 2001 -4577 6.16 14 7.49-6.39 3.67 
2.85a cis-[PdCh { 2-MeOC6~N(H)PPh2hl 52.0 5.90 8 7.91-6.38 3.86 
2.85b trans-[PdCh { 2-MeOC6~N(H)PPh2hl 37.2 6.23 9 7.91-6.38 3.86 
2.86a cis-[PdCh { 2-MeOC6~CH2N(H)PPh2}2] 58.8 2.58 7.87-6.74 3.64 3.63 
2.86b trans -[PdCh{2-MeOC6~CH2N(H)PPh2hl 46.7 2.58 7.87-6.74 3.64 3.63 
2.87a cis-[PdCh{2-MeOC6~ (CH2)2N(H)PPh2hl 58.2 2.01 7.86-6.72 3.15, 2.62 3.80 
2.87b trans -[PdCh { 2-MeOC6~ (CH2)2N(H)PPh2}2] 45.8 2.01 7.86-6.72 3.02, 2.41 3.80 
a Spectra measured in CDCI). Chemical shifts [oC1P), <>CH), oC95Pt)] in ppm. Coupling constants (.J) in Hz. 
b oH (NH) observed as multiplets. 
Table 2.33 Selected IR data8 for 2. 76 - 2.80, 2.83 and 2.85 - 2.87. 
Compound v(NH) v(OMe) v(PN) v(MClt 
2.76 3368,3I99 2927 93I 3I5,29I 
2.77 3395,3313 2837 940 308,285 
2.78 3382,3293 2834 9I6 3I0,285 
2.79 3I64,3I37 924 323,294 
2.80 3359,33I7 9I7 311, 28I 
2.83 3385,3346 2928 9I7 
2.85 3305 2843 937 283 
2.86 3338 2940 866 282 
2.87 3338 2909 933 285 
8 Recorded as KBr pellets. In cm-1• 6 For 2.76- 2.80, M= Pt; For 2.85- 2.87, M= Pd 
2.14.2 Synthesis and characterisation of cis/trans-[PdCh{Ph2PN(H)R}2] 
The palladium(II) chloride complexes cis/trans-[PdCh{Ph2PN(H)R}2] (R = ether 
functionalised substituent group) 2.85 - 2.87 were prepared and isolated in a similar 
manner to those described previously in Section 2.5.4. The 31PeH} NMR spectra 
2.85 - 2.87 showed two phosphorus resonances assigned to cis and trans isomers 
(Table 2.32) in a ratio of I :I.4 (for 2.86 and 2.87) and I :IO (for 2.85). The presence of 
both cis and trans isomers has been observed for other palladium species e.g. 
[PdCh{Ph2PN(H)P(O)Ph2}2] which exist as a cis-trans mixture in a ratio I :3.7.257 In 
the 1 H NMR spectra of 2.85 - 2.87 two distinct resonances for the amine protons were 
not observed. However, broad peaks were observed and have also been seen for the 
chalcogenide compounds 2.67- 2.75 and the platinum complexes 2.76- 2.80. TheIR 
spectra show only one v(NH) band and v(PdCl) band suggesting that complexes 2.85 
- 2.87 exist in the solid state exclusively as the trans isomer. 85 
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2.15 Bridge Cleavage Reactions of [{RhCl(J.1-Cl)(TJ5-CsMe5)}2] with Ph2PN(H)R 
(R =Ether Functionalised Substituents) 
The reaction of 2-MeOC6~N(H)PPh2 2.55 and 2-MeSC6~N(H)PPh2 2.56 with the 
rhodium(III) dimer [ {RhCl(J.1-Cl)( 1')5 -CsMes) }2] in CH2Ch, under nitrogen at room 
X=OMe2.65 
SMe2.66 
eJ, 
Rh-.,, 
c{ \cl'lPhz H.N-o 
X 
X=OMe2.88 
SMe2.89 
Eqn 2.10 
temperature gave [RhCh(TJ5-CsMes){2-MeXC6~N(H)PPh2}] (where X= 0 2.88 and 
S 2.89) (Eqn 2.10). The 31PeH} NMR spectra display a doublet centred at o(P) 55 
ppm with a 1J(RhP) coupling constant of 150Hz (Table 2.34). The 1J(RhP) values of 
the rhodium(III) complexes 2.88 and 2.89 are similar to those of the corresponding 
keto or ester functionalised (phosphino )amines complexes. The 1 H NMR spectra of 
2.88 and 2.89 showed a doublet at o(H) 1.41 ppm rt J(PH) 3.2 Hz] for the TJ5-CsMes 
ancillary ligand (Table 2.35). The IR spectra of 2.88 and 2.89 showed weakly 
absorbing N-H vibrations and medium v(PN) stretches (Table 2.34). 
Table 2.34 31PeH} NMR dataa and selected IR datab for 2.88 and 2.89. 
NMR IR 
Compound 
oP 1J(RhP) v(NH) v(OMe) v(PN) 
2.88 [RhCh(TJ5-C5Me5)(2-MeOC6~N(H)PPh2)] 54.1 154 3313 2861 931 
2.89 [RhCh(TJ5-C5Me5)(2-MeSC6litN(H)PPh2)] 54.1 154 3230 921 
a Spectra measured in CDCIJ. Chemical shifts [oe1P)] in ppm. Coupling constants (.J) 
in Hz. b Recorded as KBr pellets. In cm'1• 
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Table 2.35 1H NMR dataa for the rhodium complexes [RhCh(TJ5-C5Me5){2-
MeOC6RtN(H)PPh2 }] 2.88 and [RhCh(TJ5-CsMes){2-MeSC6RtN(H)PPh2 }] 2.89. 
<>H (NH) 2J(PH) <>H <>H (Me) <>H (TJ5-CsMes) 4J(PH) 
(Aromatic) 
2.88 6.19 7.4 8.02-6.35 3.84 1.41 3.3 
2.89 6.26 7.2 8.04-6.65 2.44 1.41 3.2 
a Spectra measured in CDCh. Chemical shifts [<>CH)] in ppm. Coupling constants (J) 
inHz. 
2.16 Orthometallation Studies 
2.16.1 Orthometallation reactions of [PtCh{Ph2PN(H)R}2] (R = 2-
C(O)MeC6H4N(H)PPh2) 
The synthesis of new orthometallated complexes of several functionalised 
(phosphino )amines was achieved via two routes, thermal activation or the use of a 
halide abstractor. Treatment of cis-[PtCh{2-C(O)MeC6RtN(H)PPh2h] 2.17 with 2 
equivalents of Ag[BF 4] in CH2Ch gave a mixture of two orthometallated compounds 
in a ratio of 4:1. No evidence for seven-membered ring formation involving both P 
and 0 donor atoms was observed (Eqn 2.11). The 31PeH} spectrum (in CDCh) of the 
isolated solid showed it to be a mixture of2.90 and 2.91 (Figure 2.14) as indicated by 
three unique phosphorus environments each with platinum satellites. The highest 
frequency resonance at <>(P) 90.5 ppm was assigned to the cis isomer of the bis-P, C-
chelate complex 2.91, and displayed a 1J(PPt) coupling of 2190 Hz. The other two 
resonances were assigned to the mono-P, C-chelate complex 2.90 and constitutes an 
AX pattern [<>(P) 75.3 ppm, 1J(PAPt) 4409Hz and <>(P) 52.1 ppm, 1J(PxPt) 2010Hz]. 
The downfield resonance at<> 75.3 ppm was assigned to the phosphorus within the 
five membered chelate ring and the non-chelated phosphorus ligand was observed at 
<>(P) 52.1 ppm, with a small 2J(PP) coupling of 11Hz. The different 1J(PPt) couplings 
[ 1J(PAPt) 4409 Hz and 1J(PxPt) 2010 Hz] observed was due to the different trans 
influences of the orthometallated and chloride ligands. The 195PteH} NMR also 
confirmed two species with a 1:2:1 triplet <>(Pt) at -4479 ppm assigned to 2.91 and a 
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Figure 2.14 31PeH} NMR spectrum (101.3 MHz) of[PtCI{2-COMeC6HtN(H)PPh2-P}{2-COMeC6H3N(H)PPh2-P,C}] 2.89 
and [Pt{2-COMeC6H3N(H)PPh2-P,C}2] 2.91. 
(JCCOMe 
..,..H 
N 
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Pt, 
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Pt 
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I 
o:N, H COMe 
2.90 
Me Me 12+ 
~00~ u_~- r< . -~Jl) N-P P-N 
I p~ p~ \ 
H H 
2.91 
Eqn. 2.11 
doublet of doublets centred at ~(Pt) -4568 ppm assigned to 2.90. The 1H NMR 
spectrum showed three separate and well-resolved resonances for the amine proton 
and methyl protons of the ester moiety. TheIR spectrum does not show discrete bands 
for the two complexes in the v(NH) and v(PtCl) regions. Instead the absorptions were 
broad and observed at 3219 cm~1 and 300 cm-1 respectively. There were two bands 
917 and 894 cm-1 which were assigned as v(PN) stretches. 
2.16.2 X-ray crystal structure of [PtCI{2-COMeC6H4N(H)PPh2-P}{2-
COMeC6HJN(H)PPh2-P,C}] 2.90 
Crystals of [PtCl { 2-COMeC6f4N(H)PPh2-P} { 2-COMeC6H3N(H)PPh2-P, C}] 2.90 
suitable for X-ray crystallography were grown over 48 h by allowing diethyl ether to 
diffuse into a chloroform solution of [PtC1{2-COMeC6HJN(H)PPh2-P}{2-
COMeC6f4N(H)PPh2-P,C}] 2.90 and [Pt{2-COMeC6HJN(H)PPhrP,C}2] 2.91. The 
X-ray structure of 2.90 revealed an approximate square-planar coordination of the 
platinum [P(1)-Pt(1)-C(18) 82.70(11), Cl(1)-Pt(1)-C(18) 91.39(11), Cl(1)-Pt(1)-P(21) 
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Figure 2.15 X-ray crystal structure of 
[PtCl { 2-COMeC6I4N(H)PPh2-P} { 2-COMeC6H3N(H)PPh2-P, C}] 2.90. 
Table 2.36 Selected bond lengths (A) and angles e) for [PtCl { 2-
COMeC6J-4N(H)PPh2-P} { 2-COMeC6H3N(H)PPhrP, C}] 2.90. 
Pt(l)-P(l) 2.1949(10) Pt(l )-P(21) 2.3404(10) 
N(l)-P(1) 1.681(3) N(21)-P(21) 1.680(3) 
C(19)-(0)19 1.224(5) C(39)-(0)39 1.231(6) 
Cl(1 )-Pt(1) 2.3605(10) C(18)-Pt(1) 2.068(4) 
P(l)-Pt(1)-P(21) 100.34(3) Cl(1 )-Pt(1 )-C(18) 91.39(11) 
Cl(l)-Pt(1)-P(21) 85.35(4) P(l )-Pt(1 )-Cl(l) 172.77(4) 
P(l )-Pt(1 )-C(18) 82.70(11) P(21 )-Pt( 1 )-C( 18) 175.63(11) 
Pt(1 )-P(1 )-N(1) 104.27(12) Pt(1 )-P(21 )-N(21) 108.63(12) 
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85.35(4), P(21)-Pt(1)-P(1) 100.34(3)0]. The two ligands adopted a cis configuration 
with typical Pt-P bond distances [2.1949(10) A for Pt(1)-P(1) and 2.3404(10) A for 
Pt(1)-P(21)]. The two Pt-P bond lengths differed by ea. 0.15 A, and is a consequence 
of the different trans influences of the chloride and orthometallated ligands. There is 
also an intramolecular N-H···O hydrogen bond [N(l)-··0(19) 2.64 A, H(l)-··0(19) 
1.83 A; N(1)-H(l)"··0(19) 138° and N(21)"··0(39) 2.65 A, H(21) .. ·0(39) 1.83 A; 
N(21)-H(21)"··0(39) 140°]. 
2.16.3 Orthometallation reactions of [PtMe2{Ph2PN(H)R}2] (R = keto, ester or 
ether substituent) 
As already discussed in Section 2.16.1 thermal activation of a C-H bond is a common 
procedure for synthesising orthometallated complexes. Accordingly when cis-
[PtMe2{2-C(O)OMeC6f4N(H)PPh2hl 2.23 was refluxed in toluene for 72 h under a 
nitrogen atmosphere (Scheme 2.2), two orthometallated complexes 2.92 and 2.93a 
(i) 
a b 
QM~H 
~pp~ 
,Pt, + 
Me PP~ 
I 
H CtN, 
C02Me 
21 
2.92 
R=COMe 
C02Me 
CO Ph 
OMe 
H 
Q~H ~pp~ 
Pt Cf~:~ 
C02Me 
1 
2.93a 
2.91a, 2.91b 
2.93a, 2.93b 
2.94a, 2.94b 
2.95a, 2.95b 
2.96a, 2.96b 
Scheme 2.2 (i) Toluene,~ (ii) Xylene,~ . 
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were isolated in a ratio of 1:21 (established by 31PeH} NMR). In contrast, using 
xylenes as solvent instead ( 48 h reflux), the only complex observed after workup was 
2.93a. This synthetic route was extended to other platinum methyl complexes 
(Scheme 2.2). The 31PeH} NMR of 2.92 and 2.93a displayed three different 
phosphorus environments, each flanked with platinum satellites. The phosphorus shift 
at 8 89.1 ppm was assigned to the bis-P,C-chelate complex 2.93a, and showed a 
1J(PPt) coupling of 2184 Hz. For 2.92 the expected AX type spectrum (with 
associated 195Pt satellites) was observed. The phosphorus within the chelate ring was 
assigned to the doublet at 8 86.4 ppm [1J(P APt) 2070Hz] and the non chelating ligand 
at 8 53.1 ppm [1J(P APt) 2304 Hz], a small 2J(P APx) coupling of 4 Hz was consistent 
with a cis configuration of the two phosphorus atoms. The 2J(P APx) observed for 2.92 
is much smaller than that observed for 2.89 (11 Hz) and maybe a reflection of the 
different trans ligands. (chloride vs methyl). The 1H NMR displayed three distinct 
resonances for the amine protons and the methyl group protons, reinforcing the three 
unique phosphorus environments observed in the two orthometallated complexes 2.92 
and2.93a. 
Compounds 2.91 and 2.93 - 2.96 were synthesised by refluxing the platinum(II) 
methyl complexes [PtMe2{Ph2PN(H)R}2] (R = 2-COMeC6t4, 2-C(O)OMeC6t4, 2-
COPhC6t4, 2-MeOC6t4 or C6Hs) in xylenes for 48 h. The his chelate orthometallated 
complexes were isolated as a mixture of two isomers. The 31PeH} NMR spectra of 
2.91 and 2.93 - 2.96 were particularly informative, with large (ea. 40 - 50 ppm) 
downfield shifts in 8(P) consistent with the coordinated P111 centre in a five-membered 
M-P-N-C-C metallacycle (Table 2.37). For these platinacycles, two closely spaced 
singlets, each with associated platinum satellites, in an approximate ratio of 1: 1 for 
2.91 and 9: 1 for 2.93 - 2.96 were assigned as a mixture of eis and trans isomers. The 
1J(PPt) couplings of ea. 2190 Hz and ea. 3200 Hz compare well with those values 
observed for cis/trans-[Pt(Ph)2(PEt3)2].258 Further support came from the observation 
of two well separated NH resonances with 195Pt satellites in the 1H NMR spectra. The 
195PteH} NMR spectra display two distinct resonances for the cis and trans isomers 
of2.91, and as a consequence of the cis/trans ratio being 9:1 only one resonance was 
observed for the major isomer of 2.93 - 2.96. A second 8(Pt) resonance for the minor 
isomer was not observed. In theIR spectra similar shifts for v(C=O) were observed to 
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Table 2.37 31PeH} and 1H NMR dataa for the orthometallated platinum complexes 2.90 and 2.92- 2.96. 
Compound oP 1J(PtP) oPt oH(NH) 3J(PtH) oH (Aromatic) oH(Me) 
2.91a cis-[Pt { 2-COMeC6~N(H)PPh2-P, C}2] 88.9 2191 -4510 10.1 40.3 7.86-6.28 2.53 
2.91b trans-[Pt { 2-COMeC6~N(H)PPhrP, C}2] 88.0 3238 -4636 10.5 57.6 7.86-6.28 2.49 
2.93a cis-[Pt{2-C(O)OC6~N(H)PPh2-P,C}2] 87.4 2191 -4611 8.97 45.6 7.85-6.20 3.77 
2.93b trans-[Pt { 2-C(O)OC6~N(H)PPh2-P, C}2] 86.1 3320 9.36 54.0 7.85-6.20 3.75 
-
2.94a cis-[Pt{2-COPhC6~N(H)PPh2-P,C}2] 88.4 2195 -4627 9.73 42.5 7.61-6.21 0 
-....) 
2.94b trans-[Pt { 2-COPhC6~N(H)PPh2-P, C}2] 87.9 3237 10.21 63.8 7.61-6.21 
2.95a cis-[Pt { 2-0MeC6~N(H)PPh2-P, C}2] 88.0 2175 -4530 
2.95b trans-[Pt{2-0MeC6~N(H)PPh2-P,C}2] 85.1 3298 -4621 
2.96a cis-[Pt { C6HsN (H)PPh2-P, C} 2] 92.1b 2161 n.r 
2.96b trans-[Pt { C6HsN (H)PPh2-P, C}2] 90.3b 3293 n.r 
a Spectra measured in CDCh. Chemical shifts [oe1P), oCH)] in ppm. Coupling constants (.f) in Hz. 
b Spectra measured in d6-dmso. n.r = not recorded. 
Table 2.38 Selected IR data3 for 2.91 and 2.93 - 2.95. 
Compound v(NH) v(OMe) v(C=O) v(PN) 
2.91 3191 1634 894 
2.93 3256 1682 903 
2.94 3234 1616 888 
2.95 3235 2834 895 
3 Recorded as KBr pellets. In cm· . 
those of the platinum methyl precursors, thus confirming the absence of any carbonyl 
interaction with the platinum(II) centre (Table 2.38). No attempts to separate the 
individual isomers of 2.91 or 2.93 - 2.96 nor test for the formation of methane were 
pursued. 
2.16.4 X-ray crystal structure of [PtMe{2-C(O)OMeC6H4N(H)PPh2-P}{2-
C(O)OMeC6HJN(H)PPh2-P,q] 2.92 
The X-ray structure of [PtC1{2-C(O)OMeC61itN(H)PPh2-P}{2-
C(O)OMeC6H.tN(H)PPh2-P,C}] 2.92 is depicted in Figure 2.16. Suitable crystals of 
2.92 were grown from slow diffusion of EhO into a CDCh I CH2Ch solution 
Figure 2.16 X-ray crystal structure of [PtMe{2-C(O)OMeC6H.tN(H)PPh2-P} 
{ 2-C(O)OMeC6H3N(H)PPh2-P, C}] 2.92. 
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of [PtMe{2-C(O)OMeC6RtN(H)PPh2-P}{2-C(O)OMeC6H3N(H)PPh2-P,C}] 2.92 and 
[Pt{2-COMeC6H3N(H)PPh2-P,C}2] 2.93a. The crystal structure of 2.92 showed the 
anticipated cis geometry of phosphorus atoms and revealed a square-planar geometry 
around the platinum centre. The Pt-C distances [C(l8)-Pt(1) 2.086(4) and C(50)-Pt(1) 
2.216(3) A] reflect the different trans influences of the methyl and arylligands. The 
carbonyl moieties in 2.92 exhibit strong intramolecular hydrogen bonding to the N-H 
proton [N(1)-··0(19) 2.66 A, H(1)-··0(19) 1.96 A; N(1)-H(1)-··0(19) 138° and 
N(21)···0(39) 2.68 A, H(21)-··0(39) 1.95 A; N(21)-H(21)···0(39) 129°]. 
Table 2.39 Selected bond lengths (A) and angles e) for [PtMe{2-
C(O)OMeC6RtN(H)PPh2-P} { 2-C(O)OMeC6H3N(H)PPh2-P, C}] 2.92. 
Pt(1)-P(1) 2.2408(10) Pt(1)-P(21) 2.3036(10) 
N(1)-P(l) 1.669(3) N(21)-P(21) 1.703(3) 
C(19)-0(19) 1.206(5) C(39)-0(39) 1.217(5) 
C(19)-0(20) 1.337(5) C(39)-0(40) 1.339(5) 
C(50)-Pt(1) 2.216(3) C(18)-Pt(1) 2.086(4) 
P(l )-Pt(l )-P(21) 103.73(4) C(50)-Pt(1 )-C(18) 89.98(13) 
C(50)-Pt(l)-P(21) 85.35(4) P(1)-Pt(l)-C(50) 169.86(8) 
P(l )-Pt(l )-C(18) 81.64(11) P(21 )-Pt(l )-C( 18) 172.57(11) 
Pt(1 )-P(l )-N(1) 104.02(13) Pt(1 )-P(21 )-N(21) 114.41(12) 
2.16.5 X-ray crystal structure of cis-[Pt{2-COMeC6HJN(H)PPh2-P,q2] 2.91a 
Suitable crystals of cis-[Pt{2-COMeC6H3N(H)PPh2-P,C}2] 2.91a for X-ray analysis 
were grown by layering a CDCh/CH2Ch solution (cis:trans ratio of 5:1, established 
first by 31PeH} NMR) with Et20 and the molecular structure is shown in Figure 2.17 
(Table 2.40). In 2.91a the molecule is disposed about a crystallographic 2-fold axis on 
which the platinum lies. The platinum(II) centre was approximately square planar 
[C(13)-Pt(l)-C(13A) 95.9(2}, C(13)-Pt(1)-P(1A) 170.63(13), C(13)-Pt(1)-P(l) 
80.59(13), P(1)-Pt(l)-P(1A) 104.20(6)0 ] with two chelating orthometallated [2-
COMeC6H3N(H)PPh2-P,C]" ligands arranged in a cis geometry. The unique PtPNC2 
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Figure 2.17 X-ray crystal structure of cis-[Pt{2-COMeC6H3N(H)PPh2-P,C}2] 2.91a. 
five membered ring was slightly puckered [Pt(1)-P(1)-N(1)-C(13)-C(14) mean plane, 
with a maximum deviation ofN(1) 0.18 A out of this plane]. The Pt(1)-C(13) distance 
[2.090(5) A] was longer than that in [Pt(dppe)Ph2] [dppe = 1,2-
( diphenylphosphino )ethane, 2.05(1) A ]264 presumably as a consequence of the 
different n-acceptor properties of the two phosphorus-containing ligands. The 
carbonyl moiety in 2.91a is involved in strong intramolecular hydrogen bonding to the 
N-H proton [N(1)···0(19) 2.60 A, H(1)···0(19) 1.80 A; N(1)-H(1)"··0(19) 138°]. 
Table 2.40 Selected bond lengths (A) and angles CO) for cis-[Pt{2-
COMeC6H3N(H)PPh2-P, C}2] 2.91a. 
Pt(1)-C(13) 2.090(5) 
N(l)-P(l) 1.692(5) 
C(13)-Pt(1)-C(13A) 
C(13)-Pt(l )-P(1) 
Pt(1 )-P(1 )-N(1) 
95.9(2) 
80.59(13) 
101.9(2) 
110 
Pt(l)-P(1) 
C(19)-(0)19 
C(13)-Pt(1 )-P(1A) 
P(1 )-Pt(1 )-P(1A) 
2.2726(12) 
1.221(8) 
170.63(13) 
104.20(6) 
2.16.6 Reaction studies of the orthometallated complex cif-[Pt{2-
COMeC6HJN(H)PPhz-P,qz] 2.91a 
A preliminary in situ NMR study of the reactions of the bis-P,C-chelate complex 
2.91a with a variety of small molecules was undertaken. Clean protonolysis of 2.91a 
with concentrated HCl in CDCh gave the platinum(II) dichloro complex 2.17 (see 
Section 2.5.1) as confirmed by 31PeH} NMR spectroscopy. Addition of iodine (1 
equivalent) gave a new major species at o 41.6 ppm with a characteristically small 
1J(PPt) of 1553 Hz. This was tentatively assigned the six-coordinate platinum(IV) 
compound 2.97 in which the disposition of iodide ligands is likely to be trans?65 In 
contrast attempts to oxidatively add Mei gave only unreacted 2.91a, even after 
warming a solution at 40 °C for ea. 3d (Scheme 2.3). 
H ph p~ H 
Me(O)C N-p·; .. P-N C(O)Me 
'>=<." c{Pt'ci H 2.17 
V U-
C(O)Me 
Q~~:h, Pt Cfl~h, 
(i) 
I 
H p~ I p~ H 
(ii) --&''N..-P '-..Pt:()-/P-N' 
)( .... Me(O)C -.;;:: j ~ C(O)Me 
~ .0 Me ~ /, 
C(O)Me 
2.9la H Ph2 f p~ H Me(O)C--e~~C(O)Me 2.97 
Scheme 2.3 (i) HCl (ii) Mei (iii) I2 • I V 
2.16.7 Orthometallation reactions of [RhClz(TJ5-CsMes){PhzPN(H)R}] (R =keto, 
ester or ether substituents) 
Thermolysis of the rhodium complexes 2.34 - 2.36 in xylenes for 24 h afforded the 
orthometallated complexes 2.98 - 2.100 in good yields (typically 53 - 64%) (Eqn 
2.12). No attempts to optimise these yields were made. 
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X=COMe 2.98 
COPh 2.99 
C02Me 2.100 
p~ 
Rh ... p H 
I' o'N-Cl Cl X 
I~ 
~ 
xylene 
Eqn 2.12 
When thermolysis of[RhCh(115-C5Me5){2-COPhC6H.tN(H)PPh2} 2.35 was performed 
in the presence of excess NEt3, several phosphorus-containing species, in addition to 
2.99 were identified. The 31PeH} NMR of all three orthometallated compounds 
displayed a large downfield shift of 50 ppm and a slight increase in the 1J(PRh) 
coupling of about 20 Hz (Table 2.41 ), consistent with five-membered ring formation. 
Thermolysis of the rhodium complex 2.35 in xylenes for only 6 h displayed two sets 
of doublet resonances in the 31PeH} NMR spectrum assigned to unreacted 2.35 and 
2.99, indicating no intermediate species formed in this transformation (Figure 2.18ii). 
The 1H NMR spectra of2.98- 2.100 display a broad signal for the amine protons, no 
2 J(PH) couplings were observed (Table 2.42). The IR spectra of 2.98 - 2.100 showed 
peaks in the 3250 cm"1 region indicative of an amine group. The vibrations between 
1608 and 1682 cm"1 were indicative of v(C=O). The bands in the range 880 and 905 
cm"1 represented the single bond character of v(PN). 
Table 2.41 31PeH} NMRa for the orthometallated rhodium complexes 2.98-2.100. 
Compound ()p J(RhP) 
2.98 [RhCl(115-C5Me5){2-COMeC6H3N(H)PPh2-P,C}] 105.3 172 
2.99 [Rh Cl( 115 -C5Me5) { 2-COPhC6H3N (H)PPh2-P, C}] 103.7 171 
2.100 [Rh Cl( 115 -C5Me5) { 2-CO(O)MeC6H3N(H)PPh2-P, C}] 105.4 172 
a Spectra measured in CDCh. Chemical shifts [<>e1P)] in ppm. Coupling constants (.f) 
inHz. 
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Figure 2.18 31PeH} NMR spectra (36.2 MHz) showing the formation of 
[RhCl(115 -C5Me5){2-COPhC6H3N(H)PPh2-P, C}] (i) initial 
(ii) after 6 h and (iii) isolated product. 
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Table 2.42 1H NMR data8 for the orthometallated rhodium complexes 2.98- 2.100. 
oH(NH) oH (Aromatic) oH(Me) oH (T)5-CsMes) 4J(PH) 
2.98 9.90 7.49-6.67 2.53 1.45 2.9 
2.99 9.75 7.75-6.55 1.48 3.4 
2.100 9.85 7.55-6.71 3.86 1.52 3.0 
a Spectra measured in CDCI]. Chemical shifts [oCH)] in ppm. Coupling constants (.J) 
inHz. 
Table 2.43 Selected IR data8 for 2.98-2.100. 
Compound v(NH) v(C=O) v(PN) 
2.98 3233 1622 896 
2.99 3231 1608 880 
2.100 3281 1682 905 
a Recorded as KBr pellets. In cm· . 
2.16.8 Factors influencing orthometallation 
In order to evaluate what factors, if any, facilitate cyclometallation of the 
functionalised (phosphino )amines in the rhodium(III) complexes 2.34 - 2.36, a series 
of preliminary studies were carried out. Refluxing a solution of [RhCh(T)5-
CsMes){Ph2PN(H)C6Hs}] 2.38 for 72 h (under similar conditions to that normally 
employed for the synthesis of 2.97 - 2.99) no orthometallation was observed and only 
2.38 was identified by 31PeH} NMR spectroscopy. Evidently an ortho substituent 
(e.g. COMe, COPh, C02Me) clearly influences C-H activation. The introduction of 
two -C02Me substituents (as in 2.37) also suppressed orthometallation and is 
presumably a consequence of steric factors although electronic considerations cannot 
be entirely ruled out. 
In order to probe whether the driving force is five-membered ring formation, two 
related complexes [RhCh(T)5-CsMes){Ph2PN(H)CH(R)R'}] (R = Me; R' = C6H5 
2.101 and R = H, R' = C6!4C0Ph 2.102) (see Experimental Section for data) were 
prepared and refluxed in xylenes under similar conditions. No orthometallation was 
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detected indicating that five-membered ring formation is clearly a driving force for 
this transformation. In addition for all systems studied, no evidence for four-
membered ring formation was observed, as a consequence of C-H activation of one of 
the phenyl substituents on the P donor atom (Scheme 2.4). 
Alternative orthometallation methods (e.g. usmg Ag[BF4]) have so far been 
unsuccessful for 2.102 affording a mixture of uncharacterised products. Further 
studies are needed to investigate if this synthetic route will be a viable method for 
preparing Rh-P-N-C-C metallacycles, inaccessible via thermolysis (Scheme 2.4). 
(i) 
)( )loo 
other 
+ uncharacterised 
species 
Scheme 2.4 (i) Xylenes, heat (ii) Ag[BF 4] CH2Ch. 
2.16.9 X-ray crystal structure of [RhCI(115-CsMes){2-COPhC6H3N(H)PPh2-P,C}] 
2.98 
Suitable crystals of 2.99 were grown by slow diffusion of Et20 into a CDCh/CH2Ch 
solution. The structure of 2.99 revealed a classic three-legged piano stool geometry 
with the rhodium(III) centre coordinated by a 115 -C5Me5, one chloride and an 112 [2-
COPhC6H3N(H)PPh2-P,C]" orthometallated ligand. The Rh-P distance [2.244(2) 
(molecule 1), 2.240(2) A (molecule 2)] was broadly as expected. As previously 
reported there is a strong intramolecular N-H···O hydrogen bond N(1)···0(19) 2.63 A, 
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H(l)-··0(19) 1.85 A; N(l)-H(1)···0(19) 135° (molecule 1); N(41)···0(59) 2.66 A, 
H(41)'··0(59) 1.91 A; N(41)-H(41)'··0(59) 131° (molecule 2). The structures of 
[RhCb( 115 -C5Me5){ 2-COPhC6H3N(H)PPh2-P, C}] 2.99 and cis-[Pt { 2-
COMeC6H3N(H)PPh2-P,C}2] 2.91a represent extremely rare examples of 
crystallographically characterised compounds containing a M-P-N-C-C chelate 
ring_266 
Figure 2.19 X-ray crystal structure of [RhC1(115-CsMes){2-COPhC6H3N(H)PPh2-
P,C}] 2.99. Only one ofthe two independent molecules is depicted. 
2.16.10 Orthometallation reactions 
C(O)OMeC6R.N(H)(P02C2oH12))2] 
C(O)OMeC6R.N(H)(P02C6H4)}] 2.58 
C(O)OMeC6R.N(H)(P02C2oH12)}] 2.59 
of 
2.56, 
and 
cis-[PtMe2(2-
[RhCh(115 -CsMes){2-
[RhCh(115 -CsMes){2-
After refluxing cis-[PtMe2{2-C(O)OMeC6lltN(H)(P02C2oH12)h] 2.56 for 48 h in 
xylenes, under a nitrogen atmosphere, a number of products were observed including 
the his-chelate and mono-chelate orthometallated complexes. The resonance at o(P) 
167.3 ppm was assigned to the his-chelate complex cis-[Pt(2-
C(O)OMeC6H3N(H)(P02C2oH12)-P,C)2] 2.103, there are two sharp doublets at o(P) 
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Table 2.44 Selected bond lengths (A) and angles CO) for [RhCh(TJ5-CsMes){2-
COPhC6H3N(H)PPh2-P,C}] 2.99. 
Rh(1)-Cl(1) 2.394(2) [2.385(2)] Rh(l)-P(1) 2.244(2) [2.240(2)] 
Rh(1 )-C(18) 2.063(6) [2.055(6)] P(1)-N(1) 1.680(5) [1.684(5)] 
C(19)-(019) 1.244(7) [1.239(7)] Rh(1)-C range 2.187(6)-2.249(7) 
[2.183(7)-2.247(6) 
P(1 )-Rh(1 )-Cl(1) 92.76(7) [91.46(6)] Cl(1 )-Rh(1 )-C(18) 82.9(2) [84.3(2)] 
P(1)-Rh(1)-C(18) 81.2(2) [90.9(2)] Rh(1 )-P(1 )-N(1) 104.9(2) [104.6(2)] 
C-Rh(l )-C range 36.4(2)-62.8(3) 
[36.1 (2)-62.6(2)] 
137.4 ppm and 3(P) 119.0 ppm, assigned to the chelated phosphorus ligand and the 
non chelating phosphorus ligand of cis-[Pt{2-C(O)OMeC6IltN(H)(P02C2oH12)-P}{2-
C(O)OMeC6H3N(H)(P02C2oHt2)-P,C}] 2.104, with a small 2J(PP) coupling of26 Hz. 
Due to the presence of other impurity peaks the 1 J(PtP) couplings could not 
confidently be assigned. 
Thermolysis of [RhCh(TJ5-CsMes){2-C(O)OMeC6IltN(H)(P02C6Ilt)}] 2.58 in 
xylenes for 18 h displayed a number of species of which starting material and 
orthometallated product [RhCl(TJ5 -CsMes){2-C(O)OMeC6H3N(H)(P02C6Ilt)-P, C}] 
2.105 were identified. Further refluxing resulted in decomposition and nothing further 
has been attempted with this system. Thermal activation of a C-H bond in [RhCh(TJ5-
C5Mes){2-C(O)OMeC6!-4N(H)(P02C2oH12)}] 2.59 by refluxing in xylenes for 24 h 
afforded the orthometallated complex [RhCl(TJ5-CsMes){2-
C(O)OMeC6H3N(H)(P02C2oH12)-P,C }] 2.105 in reasonable yield (60%) (Eqn 2.13). 
xylenes 
~ 
2.59 
117 2.105 Eqn 2.13 
The 31PeH} NMR displayed a doublet at 8(P) 171.5 ppm, [1J(RhP) 146 Hz] a 
downfield shift of 35 ppm and an increase in 1J(PRh) of 25Hz with respect to 2.59. 
The downfield shift is synonymous with the P(III) centre being part of a five-
membered chelate ring. The F AB mass spectrum displayed the anticipated parent ion 
[Mt and the expected [M-Clt fragment. 
2.16.11 Alkyne Insertion into Rh-C bond of2.99 
Insertion of an alkyne into a metal carbon bond is a reaction that has received much 
recent interest.250-252 A preliminary study of the reaction of the orthometallated 
rhodium complex [RhCl(rJ5-CsMes){2-COPhC6H3N(H)PPhrP,C} 2.99 with an 
activated alkyne Me02CC=CC02Me (Eqn 2.14) was undertaken. The addition of 
DMAD to a CDCh solution of 2.99 gave no immediate reaction (as monitored by 
31PeH} NMR). However, warming this solution to ea. 40 °C afforded, over a period 
of6 d, a new complex 2.106. The 31PeH} NMR spectrum showed a major species at 
8(P) 66.7 ppm 1J(RhP) 152Hz, an upfield shift of 40 ppm. This suggests that the P 
atom is no longer within a five-membered chelate ring. The 1H NMR displayed a 
single broad resonance at 8(H) 11.22 ppm assigned to the amine proton. This 
resonance was significantly downfield with respect to that observed for 2.99, further 
evidence that a complex containing DMAD is formed. However, a number of 
resonances around 8(H) 3.8 ppm were observed, suggesting four unique C02Me 
groups. This was reinforced by the FAB mass spectrum which showed a major ion at 
873.2 indicating double insertion into the Rh-C bond has occurred. This was further 
supported by the presence of several C=O bands in the IR spectrum. Further 
investigation of this reaction is required to ascertain the exact nature of this 
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compound. Under the same reaction conditions using the platinacycle 2.91 no reaction 
with DMAD was observed. 
2.17 Conclusions 
In this work the synthesis of a series of keto, ester, ether and thioether functionalised 
(phosphino )amines via a simple P-N bond forming reaction has been demonstrated. 
Additionally two novel ester functionalised phosphoramidite ligands have also been 
prepared. This method of ligand synthesis can potentially be exploited further, to the 
synthesis of additional ligands bearing other suitably disposed functionalities. It has 
also been demonstrated that the phosphorus(V) compounds can be obtained by direct 
oxidation of the phosphorus(III) ligands. From the complexation studies, using a 
range of late transition metal precursors, it has been shown that these ligands 
coordinate solely through the phosphorus atom i.e. P-coordination. However the 
utility of the (phosphino )amine and phosphoramidite ligands has allowed, for the first 
time, new examples of cyclometallated M-P-N-C-C compounds to be prepared i.e. 
P, C-chelation. This genre of complex could prove beneficial in a number of 
applications and is a potential area for further investigation. 
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CHAPTER3 
SYNTHESIS AND COORDINATION CHEMISTRY OF 
NEW FUNCTIONALISED 
B/S(PHOSPHINO)AMINES 
3.1 Introduction 
The coordination chemistry of bis(phosphino)amines, R2PN(R)PR2, has been 
extensively studied with the most recent research focused upon the chemistry of 
Ph2PN(H)PPh2 (dppa). The interest in dppa is a consequence of the variety of 
different possible bonding modes and continues to remain an area of active research 
for many groups.92,IOI,267·269 
p~ p~ p~ p~ E ~~ E-~~ 
/P, p /P-NH p~ / ---. N / ·-' M ':1 
I \ I .----., \ 
M NH M )N M I M NH M !N 
' 
/ ' _, 
' E-;::::.PP~ ' , \ I \ /1 p p E?PP~ E~P E==P p~ p~ p~ p~ 
I 11 Ill IV V VI 
The most prevalent transition-metal complexes of dppa involve the formation of four-
membered M-P-N(H)-P metallacycles (I) in which the dppa ligand chelates. 
Furthermore the acidic amine proton can readily be deprotonated with base accessing 
metal complexes of the his( diphenylphosphino )amide anion, [Ph2PNPPh2]" (11). 
Sequential introduction of chalcogen atoms (e.g. 0, S, Se) at one or both phosphorus 
centres allows expansion of the metallacycle ring and formation of five- or six-
membered rings (Ill and V). Additionally deprotonation of the amine affords the 
corresponding anions which act as excellent chelating agents for a wide range of 
metals (IV and VI). Potentially, all of these coordination modes allow the synthesis of 
inorganic (carbon-free) ring systems. Other examples of bis(phosphino )amines of the 
type X2PN(R)PX2 (X= halide, alkyl, aryl, alkoxy or aryloxy groups; R = H, alkyl or 
aryl) have also been reported.104•157"159•270 Surprisingly, considering the comparative 
ease of phosphorus-nitrogen bond formation, relatively few examples of 
bis(phosphino )amines in which a functionality is included in the backbone are known 
(e.g. 1.173,155 A,271 B,212 and c2n). 
P~P, .,.PP~ 
\ 
OH 
1.173 A B 
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Herein the synthesis of new ether, keto, ester and vinyl functionalised 
bis(phosphino )amines and some of their coordination chemistry with selected 
transition metals is presented. Furthermore, reaction studies of the M-P-N-P four-
membered metallacycles (M = Pt, Pd) with protic solvents has been investigated. The 
structures of all new compounds have been elucidated by a combination of 
multinuclear NMR spectroscopy, IR spectroscopy, elemental analyses and in several 
cases, by X-ray crystallography. 
3.2 Synthesis of (Ph2P)2NR Ligands [R = 2-(CH2)nC6~0Me, n = 0-2] 
Treatment of 2-H2N(CH2)nC6~0Me (n = 0-2) and Et3N in diethyl ether with Ph2PCl 
gave, after workup Ph2PN(2-C6~0Me)PPh2 3.1, Ph2PNCH2(2-C6~0Me)PPh2 3.2 
and Ph2PN(CH2)2(2-C6~0Me)PPh2 3.3 as white solids in good yields (45- 65%) 
(Eqn 3.1). Reaction of 2-MeOC6~CH2NH2 and Ph2PCl in a 1:1 stoichiometry, gave 
under the experimental conditions described only Ph2PN(2-C6~0Me)PPh2 3.1 but in 
reduced yield (46%). 
2P~PC1 + ~NR P~PN(R)PP~ 
R= 
3.1 3.2 
Eqn 3.1 
The bis(phosphino )amines 3.1 - 3.3 were isolated as air and moisture stable solids, 
readily soluble in chlorinated solvents, acetone, thf, toluene and less soluble in 
methanol, diethyl ether and light petroleum. However, solutions of 3.1 in CDCh 
prepared under anaerobic conditions were unstable and decomposed gradually over 
5 d to give Ph2P(O)N(2-C6~0Me)PPh2 and Ph2P(O)PPh2. In contrast, solutions of 
3.2 and 3.3 in CDCh also prepared under anaerobic conditions, were found to be 
stable and showed no evidence for decomposition even after 5 d. The ligands 3.1 - 3.3 
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exhibit a single 31PeH} NMR resonance (in CDCh) in the range o(P) 60- 65 ppm 
{Table 3.1), similar to that previously observed for Ph2PN(C6H5)PPh2 [o(P) 65.6 
ppm ].273 Evidently the inclusion of either a methoxy substituent or a methylene spacer 
has a negligible effect on o(P). The 1H NMR showed singlet resonances for the 
methoxy group [o(H) 3.82 for 3.1, 3.60 ppm for 3.2 and 3.3]. Analogous to 2.52, 2.53, 
and 2.56 (Chapter 2.7) the IR spectra display a band around 2830 cm"1 which was 
assigned to v(CH(oMe)), and a strong band in the range 849- 889 cm"1 corresponding 
to the P-N single bond in 3.1 - 3.3 (Table 3.2). The positive-ion F AB mass spectra 
displayed the expected parent-ion peaks. Additionally peaks corresponding to partial 
and full oxidation of the ligands were observed (mlz 492 [Mt, 508 [M+O] and 524 
[M+20] for 3.1; mlz 506 [Mt, 522 [M+O] and 538 [M+20] for 3.2; mlz 521 [Mt, 
537 [M+O] and 552 [M+ 20] for 3.3). 
Table 3.1 31PeH} and 1H NMR dataa for the bis(phosphino)amines 3.1- 3.3. 
oH 
Compound oP oH (CH2) oH(OMe) 
(Aromatic) 
3.1 Ph2PN(2-C6t40Me )PPh2 65.1 7.58-6.68 3.82 
3.2 Ph2PNCH2(2-C6RtOMe )PPh2 59.5 7.33-6.60 4.39b 3.60 
3.3 Ph2PN(CH2)2(2-C6}40Me )PPh2 63.4 7.39-6.49 3.32c, 2.37c 3.60 
a Spectra measured in CDCh. Chemical shifts [oC1P) oeH)] in ppm. 6 Triplet. 
c Multiplet. 
Table 3.2 Selected IR data a for 3.1 - 3.3. 
Compound v(CH(oMe)) v(PN) 
3.1 2829 889 
3.2 2830 849 
3.3 2832 858 
a Recorded as KBr pellets. In cm· . 
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3.3 Synthesis of {Ph2P(E)}2NR (R = 2-C6Rt0Me) 
The synthesis of Ph2P(E)N(2-C6f40Me)P(E)Ph2, (where E = 0 3.4; S 3.5; Se 3.6) 
was straightforward. Hence, reaction of 3.1 with either a small excess of H20 2 or 
stoichiometric amounts of Ss or grey Se in thf, afforded after workup, the 
phosphorus(V) compounds 3.4-3.6 in good yields (64%, 92% and 84% respectively) 
(Eqn 3.2). 
P~P, ,.PP~ ~OMe 
V 
i) H20 2, thf or 
ii) S8, thf or 
iii) Se, thf 
E E 
11 11 
P~P, ,.PP~ 
&OMe 
E=O 3.4 
E = S 3.5 
E =Se 3.6 
Eqn3.2 
Compounds 3.4 - 3.6 were isolated as white or off white solids, soluble in thf, CH2Ch 
and chloroform and poorly soluble in toluene. With the exception of 3.4 [e(Po) 26.0 
ppm] there was a negligible change in e(P) upon oxidation [e(Ps) 67.9 ppm for 3.5; 
e(Pse) 65.8 ppm for 3.6]. Furthermore, in the case of 3.6 a 1J(PSe) of 783 Hz (Table 
3.3) was observed which is similar to that previously observed for {Ph2P(Se)}2NH. 
The methoxy resonance in the 1H NMR of 3.4 - 3.6 has shifted upfield slightly upon 
oxidation with respect to 3.1 (Table 3.1). In the IR specta (Table 3.4) absorptions 
around 2835 cm-1 typical ofv(CH(oMe)) were observed and vibrations in the range 902 
Table 3.3 31PeH} and 1H NMR data a for the compounds 3.4- 3.6. 
J(PSe) eH eH 
Compound ePE 
Hz (Aromatic) (OMe) 
3.4 {Ph2P(O) }2N(2-C6f40Me) 26.0 7.96-6.25 3.51 
3.5 {Ph2P(S) }2N(2-C6f40Me) 67.9 8.20-6.11 3.24 
3.6 {Ph2P(Se) }2N(2-C6f40Me) 65.8 783 8.25-6.08 3.20 
a Spectra measured in CDCI). Chemical shifts [eC1P) eciH)] in ppm. Coupling 
constants (.J) in Hz. 
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Table 3.4 Selected IR data a for 3.4 - 3.6. 
Compound v(CH(oMe)) v(PN) v(P=E) 
3.4 2835 963 1221,1210 
3.5 2840 946 611 
3.6 2834 902 571 
a Recorded as KBr pellets. In cm· . 
- 963 cm-1 are indicative of a P-N single bond. The P=O, P=S and P=Se vibrations for 
3.4-3.6 were observed at 1210, 1221 (Po), 611 (Ps) and 571 (Pse) cm"1 respectively. 
The microanalytical data obtained for the chalcogenide compounds 3.4 - 3.6 were in 
good agreement with calculated values (Table 6.2, Experimental section). 
3.4 X-ray Crystal Structure of {Ph2P(Se)}2N(2-C6~0Me) 
Crystals of {Ph2P(Se)}2N(2-C6f40Me) 3.6 were obtained by slow diffusion of pet. 
ether (b.p. 60 - 80 °C) into a CDCh/CH2Ch solution over 72 h. The molecular 
structure of3.6 (Figure 3.1 and Table 3.5) was broadly as anticipated. The P=Se bond 
lengths [2.1056(6) and 2.0936(7) A] are similar to those observed for {Ph2P(Se)}2NH 
[2.085(1) and 2.101(1) A], {Ph2P(Se)NPPh2h [2.120(2) and 2.111(2) A] and 
C6f4{NHP(Se)Ph2h [2.081(6) and 2.107(5) A]. 106·141·276 Furthermore the P-N bond 
lengths were marginally longer than those in {Ph2P(Se)}2NH [1.678(4) and 1.686(3) 
A] which exist in the solid state as a N-H···Se hydrogen bonded dimer pair.106 The P-
N-P angle [124.77(10)0] was smaller than that found in {Ph2P(Se)}2NH 
[132.3(2)0].106 
Table 3.5 Selected bond lengths (A) and angles CO) for Ph2P(Se)N(2-
C6f40Me )P(Se )Ph2 3.6. 
P(l)-Se(1) 
P(2)-Se(2) 
Se(l)-P(l)-N(1) 
P(1)-N(1)-P(2) 
2.1056(6) 
2.0936(7) 
116.08(6) 
124.77(10) 
125 
P(1)-N(1) 
P(2)-N(1) 
Se(2)-P(2)-N(1) 
1.727(2) 
1.725(2) 
114.80(7) 
Figure 3.1 Crystal structure ofPh2P(Se)N(2-C6HtOMe)P(Se)Ph2 3.6. 
3.5 Synthesis ofPh2P(S)N(2-C61LtOMe)PPh2 
Ph2P(S)N(2-C6HtOMe)PPh2 3.7 was prepared (Scheme 3.1), usmg conditions 
analogous to those described by Cavell and co-workers256 for the synthesis of 
Ph2P(E)N(Ph)PPh2 (E = S or Se). Although it was not possible to obtain 3.7 
analytically pure, 31PeH} NMR spectroscopy confirmed the only other phosphorus 
containing species present was Ph2P(S)N(2-C6HtOMe)P(S)Ph2 3.5 (in ea. 10% by 
integration of the two phosphorus species). Compound 3.7 was identified by its 
characteristic AX pattern, the phosphorus(III) centre was assigned to the doublet 
centred at o(P) 53.7 ppm and the phosphorus(V) centre the doublet at o(P) 73.5 ppm 
(Table 3.6). The 2J(PPs) coupling constant of 104 Hz for 3.7 is similar to that 
observed for Ph2P(S)N(C6Hs)PPh2 eJ(PPs) 105 Hz]. From the IR spectrum, 
v(CH(oMe)) at 2831 cm·• and v(PN) at 944 cm·• were identified in addition to v{P=S) 
observed at 667, 629 and 613 cm·• (exact assignment not made, Table 3.7). 
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3.6 Coordination Chemistry ofPh2P(S)N(2-C6H40Me)PPh2 
Ph2P(S)N(2-C6HtOMe)PPh2 3.7 reacts with [MCh(cod)] (M= Pt, Pd) in CH2Ch to 
give [PtCh{Ph2P(S)N(2-C6HtOMe)PPh2-P,S}] 3.8 and [PdCh{Ph2P(S)N(2-
C6HtOMe)PPh2-P,S}] 3.9 as pale yellow or orange solids in 97% and 73% yield 
respectively (Scheme 3.1 ). 
(i) 
s 
11 
P~P .... _..PP~ ~OMe 
u 
3.7 
Cl 
\ ,.....cl 
s-M 
11 \ 
(ii) P~P, ,PP~ 
_....;.......;~.,...~ N &OMe 
M=Pt 3.8 
M=Pd3.9 
Scheme 3.1 (i) 1 equiv. Ss, hexanes (ii) [MCh(cod)] (M= Pt, Pd), CH2Ch. 
Both complexes 3.8 and 3.9 were soluble in CH2Ch and chloroform but insoluble in 
alcohols, Et20 and pet. ether (bp 60- 80 °C). For 3.9 the low frequency resonance at 
8(P) 105.7 ppm was assigned to the Ph2P(S)N phosphorus and the second doublet at 
8(P) 78.6 ppm was assigned to the Ph2PN phosphorus. The phosphorus(V) and 
phosphorus(III) centres were significantly shifted to higher frequency (30 ppm and 25 
ppm respectively), and the 2J(P(In)P(V)) coupling observed smaller compared to 3.7. 
Table 3.6 31PeH} and 1HNMR dataa for the compounds 3.7 -3.9. 
Compound 8P 8Ps 2 J(PP) J(PtP) 
3.7 Ph2P(S)N(2-C6HtOMe)PPh2 53.7 73.5 103.5 
3.8 [PdCh{Ph2P(S)N(2-C6HtOMe)PPh2-P,S}] 78.6 105.7 61.6 
8H 8H 
(Aromatic) (OMe) 
7.81-6.22 2.70 
3884b, 
3.9 [PtCh{Ph2P(S)N(2-C6HtOMe)PPh2-P,S}] 73.4 73.4 57.0 7.70-6.24 2.72 110c 
a Spectra measured in CDCh. Chemical shifts [8e1P), 8CH)] in ppm. Coupling 
constants (.J) in Hz. b 1J(PPt). c 2J(PPt). 
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Contrastingly the 31PeH} NMR spectrum (in CDCh) for 3.9 displays two doublets, 
each with 195Pt satellites. The P(V) resonance has not shifted compared to 3.7 whereas 
the P(In) resonance has moved down:field by 20 ppm to o(P) 73.4 ppm (Table 3.6, 
Figure 3.2). In addition 1J(PPt) and 2J(PPt) couplings were observed [1J(PPt) 3884 
Hz, 2J(PPt) 110Hz]. Interestingly the 2J(PPt) coupling observed here was much larger 
than the coupling observed for [PtCh{Ph2P(S)N(C6Hs)PPh2-P,S}] eJ(PPt) 88 Hz].256 
The 2J(P(I1l)P(V)) coupling is similar to that displayed by the palladium(II) analogue 
3.9. Two distinct v(MCl) stretches were observed for 3.8 and 3.9 in their IR spectra 
confirming the cis geometry. The IR spectra also showed broad absorptions in the 
range 2838- 2831 cm·1 v(CH(oMe)), 961 - 944 cm·1 v(PN) and 668 - 613 cm·1 v(P=S) 
(Table 3.7). 
Table 3.7 Selected IR data3 for 3.7- 3.9. 
Compound v(CH(oMe)) v(PN) v(P=E) v(MCl) 
3.7 2831 944 667, 629, 613 
3.8 2834 961 668 316,289 
3.9 2838 957 670 328,300 
a Recorded as K.Br pellets. In cm· . 
3.7 X-ray Crystal Structure of [PtCh{Ph2P(S)N(2-C6H40Me)PPh2-P,S}] 
Suitable crystals of 3.9 for X-ray crystallography were obtained by slow diffusion of 
Et20 into a CDCh/CH2Ch solution of 3.9 over several days. The crystal structure of 
[PtCh{Ph2P(S)N(2-C6~0Me)PPh2-P,S}] 3.9 (Figure 3.3, Table 3.8) showed a 
square-planar environment comprising a central platinum centre, a P,S-bound 
Ph2P(S)N(2-C6~0Me)PPh2ligand and a cis disposition oftwo chloride ligands. The 
platinum centre is 0.05 A below the plane of the four donor substituents. Within the 
Pt-S-P-N-P five-membered metallacycle S(l) showed a maximum deviation [0.33 
A] out of the plane. The Pt(1)-Cl(l) bond length [2.3515(2) A] is larger than that of 
Pt(1)-Cl(2) [2.3164(13) A] and is as anticipated for the different trans influences of 
phosphorus vs. sulfur donor atoms. The P-S and P-N bond distances and angles were 
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100 96 9:J 88 84 80 76 7:J 68 64 60 56 S:J 48 
(ppm) 
Figure 3.2 31PeH} NMR spectrum (101.3 MHz) of [PtCh{Ph2P(S)N(2-C6I40Me)PPh2-P,S}] 3.9. 
comparable to those reported by Cavell and eo-workers for 
[PtC}z {Ph2P(S)N(Ph)PPh2} ]_256 
Figure 3.3 Crystal structure of [PtCh{Ph2P(S)N(2-C6H40Me)PPh2-P,S}] 3.9. 
Table 3.8 Selected bond lengths (A) and angles CO) for [PtCh{Ph2P(S)N(2-
C6H40Me)PPh2}] 3.9. 
Pt(1 }-Cl(1) 2.3515(12) S(1}-P(1) 2.010(2) 
Pt(1 }-Cl(2) 2.3164(13) P(1}-N(l) 1.688(4) 
Pt(1}-S(l) 2.2948(12) N(1}-P(2) 1.735(4) 
Pt(l}-P(1) 2.2029(12) 
Cl(1 }-Pt(1 }-Cl(2) 89.76(5) P(1 }-Pt(1 }-S(l) 92.53(14) 
Cl(1 }-Pt(l }-S(1) 88.46(5) Pt(1}-S(1}-Cl(1) 97.43(6) 
Cl( 1 }-Pt( 1 }-P(2) 178.73(5) S(l }-P(1 }-Cl(1) 108.52(14) 
Cl(2}-Pt(l }-P(2) 89.20(4) P(1}-N(l}-P(2) 116.2(2) 
Cl(2}-Pt(l }-S(l) 175.45(4) N(1 }-P(2}-Pt(l) 108.70(13) 
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3.8 Reaction of (Ph2P)2NR [R = 2-(CH2)nC6H40Me n = 0- 2] with [MX2(cod)] 
(M= Pt, Pd and X= Cl, Me) 
Reaction of 3.1 - 3.3 with [MX2(cod)] (M= Pt, Pd; X= Cl, Me) gave the square 
planar complexes 3.10-3.16 (Eqn 3.3). 
n= 0 3.1 
n = 1 3.2 
n=2 3.3 
~(cod)] 
X X 
' I M 
" ' P~P, .,PP~ N 
I cccl!Jn 
OMe 
M= Pt, X= Cl, n = 0 3.10 
n = 1 3.11 
n= 2 3.12 
M = Pd, X = Cl, n = 0 3.13 
n = 1 3.14 
n= 2 3.15 
M= Pt, X= Me, n = 0 3.16 
Eqn 3.3 
3.8.1 Synthesis and characterisation of [PtCh{Ph2PN(R)PPh2}] [R = 2-
(CH2)nC6H40Me, n = 0 - 2] 
Ligands 3.1-3.3 react with [PtCh(cod)] in CH2Ch to give white solids 3.10-3.12 in 
high yields (ea. 90%). The 31P{ 1H} NMR spectra of 3.10- 3.12 (in CDCh) display a 
single resonance, 40 ppm upfield of the corresponding free ligands, flanked by two 
platinum satellites (Table 3.9). The large 1J(PtP) couplings observed are in agreement 
with values previously reported for other platinum(II) complexes where phosphorus is 
trans to chloride.89 In the 1H NMR spectra, the OMe resonances shifted to lower field 
by ea. 1 ppm with respect to the free ligands (Table 3.9). The cis 
Table 3.10 Selected IR data a for 3.10- 3.12. 
Compound 
3.10 
3.11 
3.12 
2835 
2840 
2834 
a Recorded as K.Br pellets. In cm- . 
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v(PN) 
948 
910 
852 
v(PtCl) 
313, 291 
308,289 
312,292 
Table 3.9 31PeH} and 1H NMR data a for the compounds 3.10- 3.16. 
Compound oP 7J(PtP) oPt oH (Aromatic) oH (CH2) oH(OMe) 
3.10 [PtCh {Ph2PN(2-C6~0Me )PPh2}] 22.6 3343 -4082 7.92-6.43 2.82 
3.11 [PtCh {Ph2PNCH2(2-C6~0Me )PPh2}] 19.4 3290 -4047 7.82-6.32 4.16b 3.22 
3.12 [PtCh {Ph2PN(CH2)2(2-C6~0Me )PPh2}] 17.0 3295 -4038 7.97-6.24 3.05c, 2.35c 3.65 
3.13 [PdCh{Ph2PN(2-C6~0Me)PPh2}] 37.9 7.95-6.44 2.85 
3.14 [PdCh {Ph2PNCH2(2-C6~0Me )PPh2}] 33.8 7.85-6.32 4.27b 3.22 
-Vl N 3.15 [PdCh{Ph2PN(CH2)2(2-C6~0Me )PPh2}] 30.9 7.97-6.23 3.12c, 2.36c 3.65 
3.16 [PtMe2 {Ph2PN(2-C6~0Me )PPh2}] 52.4 1607 -4170 7.70-6.42 2.69 
a Spectra measured in CDCh. Chemical shifts [oC1P), [oCH), [oC95Pt)] in ppm. Coupling constants (.!) in Hz. 
b Triplet e J(PH) 10Hz for 3.11, 3 J(PH) 10Hz for 3.14]. 
c Multiplet. 
configurations were confirmed by two distinct v(PtCl) stretches in their IR spectra 
(Table 3.10). TheIR spectra also displayed bands in the range 852- 948 cm-1 and 
2834- 2840 cm-1 assigned as v(PN) and v(CH(oMe)) respectively. 
3.8.2 Synthesis and characterisation of [PdCh{Ph2PN(R)PPh2}] [R = 2-
(CH2)nC6H40Me n = 0 - 2] 
The palladium complexes [PdCh{Ph2PN(R)PPh2}] [R = 2-(CH2)nC6~0Me] 3.13-
3.15 were prepared and isolated in a similar manner to their platinum analogues 3.10 
- 3.12. The complexes 3.13-3.15 were isolated as yellow solids in good yields (ea. 
90%) and a single resonance in the 31PeH} NMR was observed (Table 3.9). The IR 
spectra display bands in the range 2833- 2842 cm"1 v(CH(oMe)) and 856- 947 cm-1 
v(PN). In addition two distinct v(PdCl) stretches at 312 and 288 cm"1 and 301, 289 
cm-1 were observed for 3.13 and 3.14, whilst only one broad v(PdCl) stretch was 
observed for 3.15 (Table 3.11). 
Table 3.11 Selected IR data8 for 3.13- 3.15. 
Compound v(CH(oMe)) v(PN) v(PdCl) 
3.13 2835 947 312,288 
3.14 2842 912 301,286 
3.15 2833 856 289b 
a Recorded as KBr pellets. In cm-1• 6 broad. 
3.8.3 X-ray crystal structures of [PdCh{Ph2PN(2-C6H40Me)PPh2}]] 3.13, 
[PdCh{Ph2PNCH2(2-C6H40Me)PPh2}] 3.14 and [PdCh{Ph2PN(CH2)2(2-
C6~0Me)PPh2}] 3.15 
All three palladium complexes were characterised by X-ray crystallography (Figures 
3.4 - 3.6). Suitable crystals were obtained by slow diffusion of Et20 into either a 
CH2Ch solution (for 3.13) or CDCh/CH2Ch solution (for 3.14 and 3.15) over the 
course of several days (Table 3.12). All three crystal structures are similar and entail a 
cis disposed Ph2PN(R)PPh2 [R = 2-C6~0Me, CH2(2-C6~0Me), (CH2)2(2-
C6~0Me)] and two chloride ligands around a palladium centre. The geometry 
around the palladium can best be described as distorted square planar, as reflected by 
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the bond angles [P(l)-Pd(l)-P(2) 71.99(5), P(2)-Pd(l}-Cl(2) 94.73(6), Cl(l)-Pd(1)-
Cl(2) 96.6(6), P(1)-Pd(l}-Cl(l) 96.88(5)0 for 3.13, P(1)-Pd(1)-P(2) 71.37(5), P(2)-
Pd(1)-Cl(2) 97.02(5), Cl(l)-Pd(1}-Cl(2) 95.31(6), P(1)-Pd(1)-Cl(l) 96.41(6)0 for 
3.14 and P(1 )-Pd(1 )-P(2) 71.90(3), P(2)-Pd(1 }-Cl(2) 94.31 ( 4), Cl(1 )-Pd(1 }-Cl(2) 
95.13(4), P(l)-Pd(1)-Cl(1) 98.66(3)0 for 3.15]. For 3.13 the Pd(1) was 0.04 A below 
the plane of its four substituents and the PdP2N ring are essentially planar. The Pd-Cl 
and Pd-P bond lengths for all three complexes are normae75"277 whilst the P-N 
distances [1.701(4) and 1.714(4) A for 3.13, 1.690(4) and 1.690(4) A for 3.14 and 
1.698(3) 1.690(3) A for 3.15] may indicate some partial double bond character. As a 
consequence of P,P-chelation the P(1)-N(1)-P(2) angles are contracted [99.3(2)0 , 
99.8(2)0 and 99.91(14)0 for 3.13, 3.14 and 3.15 respectively]. In contrast, when 
R2PN(R)PR2 ligands span two metal centres, as in [Pd2Ch{PhN{P(OPh)2hhJ and 
[Pd2{MeN{P(OPh)2hhJ, the P-N-P angle is enlarged and falls in the range 113 -
120°.277 No Pd···O (methoxy) interactions were observed for 3.13- 3.15. 
Figure 3.4 Crystal structure of [PdCh{Ph2PN(2-C6RtOMe)PPh2}] 3.13. 
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Figure 3.5 Crystal structure of [PdCh{Ph2PNCH2(2-C6I!tOMe)PPh2}] 3.14. 
Figure 3.6 Crystal structure of [PdCh{Ph2PN(CH2)2(2-C6I!tOMe)PPh2}] 3.15. 
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Table 3.12 Selected bond lengths (A) and angles e) for [PdCh{Ph2PN(2-
C6f40Me)PPh2}] 3.13, [PdCh{Ph2PNCH2(2-C6I40Me)PPh2}] 3.14 and 
[PdCh{Ph2PN(CH2)2(2-C6l40Me )PPh2}] 3.15. 
3.13 3.14 3.15 
Pd(1)-Cl(1) 2.369(2) 2.367(2) 2.3507(9) 
Pd(1 )-Cl(2) 2.353(2) 2.355(2) 2.3389(10) 
Pd(1)-P(1) 2.2196(13) 2.206(2) 2.2168(9) 
Pd(1)-P(2) 2.2078(13) 2.2246(14) 2.2011(9) 
P(l)-N(1) 1.701(4) 1.690(4) 1.698(3) 
N(l)-P(2) 1.714(4) 1.690(4) 1.690(3) 
Cl(1 )-Pd(1 )-Cl(2) 96.6(6) 95.31(6) 95.13(4) 
Cl(l )-Pd(1 )-P(1) 96.88(5) 96.41(6) 98.66(3) 
Cl(l )-Pd(1 )-P(2) 168.84(6) 167.50(6) 169.56(3) 
Cl(2)-Pd(1 )-P(2) 94.73(6) 97.02(5) 94.31(4) 
Cl(2)-Pd(1 )-P(1) 166.46(6) 168.06(5) 166.20(4) 
P(1 )-Pd(1 )-P(2) 71.99(5) 71.37(5) 71.90(3) 
Pd(1)-P(1)-N(1) 94.30(14) 94.7(2) 93.70(10) 
P(l )-N(l )-P(2) 99.3(2) 99.8(2) 99.91(14) 
N(1 )-P(2)-Pd(1) 94.34(14) 94.09(14) 94.48(10) 
3.8.4 Synthesis and characterisation of [PtMe2{Ph2PN(2-C6H40Me)PPh2}] 
Analogous to 3.10, ligand displacement of cod from [Pt(CH3)2(cod)] with 1 
equivalent of 3.1 in CH2Ch gave [PtMe2{Ph2PN(2-C6f40Me}PPh2] 3.16. The 
31PeH} NMR spectrum of 3.16 showed a single resonance at <3(P) 52.4 ppm flanked 
by platinum satellites eJ(PtP) 2028 Hz] (Table 3.9). In the 1H NMR spectrum, the 
methoxy resonance had shifted 1.5 ppm upfield compared to the free ligand. The IR 
spectrum of3.16 showed a band at 2860 cm-1 indicative ofv(CH(oMe)) character and a 
band at 938 cm-1 assigned as v(PN). 
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3.9 Zerovalent Molybdenum Complexes of (Ph2P)2NR [R = 2-(CH2)nC6H40Me 
n = 0- 2] 
The ligands 3.1- 3.3 react with [Mo(C0)4(nbd)] (nbd = norbomadiene) in thf, with 
displacement of norbomadiene, to afford the four-membered zerovalent molybdenum 
complexes 3.17- 3.19 (Eqn 3.4). 
thf 
,PJ?h:z 
MeO N, ,Mo(C0)4 
PPh:z 
n= 0 3.17 
n = 1 3.18 
n = 2 3.19 
Eqn3.4 
The 31P{1H} NMR spectra showed sharp resonances at o(P) 90 ppm. An upfield shift 
of ea. 1 ppm was observed for the methoxy resonances in the 1H NMR spectra. The 
IR spectra display characteristic bands assigned to v(CH(oMe)) and v(PN). Additionally 
3.17- 3.19 all display four strong carbonyl absorptions in the region 2021 - 1863 cm· 
1
, consistent with a cis tetracarbonyl metal complex. The microanalytical data for 3.17 
- 3.19 are in good agreement with calculated values. 
oH oH oH 
Compound oP 
(Aromatic) (CH2) (OMe) 
3.17 [Mo(C0)4 {Ph2PN(2-C6~0Me )PPh2}] 92.4 7.52-6.24 2.51 
3.18 [Mo(C0)4 {Ph2PNCH2(2-C6~0Me )PPh2}] 92.1 7.58-6.00 4.34a 3.40 
3.19 [Mo(C0)4 {Ph2PN(CH2)2(2-C6~0Me )PPh2}] 90.1 7.64-6.67 3.10c, 1.40c 3.68 
a Spectra measured in CDCl3. Chemical shifts [oe1P)] in ppm. 6 Triplet e J(PH) 9Hz]. 
c Multiplet. 
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Table 3.14 Selected IR data a for 3.17 - 3.19. 
Compound v(CH(oMe)) v(C=O) v(PN) 
3.17 2835 2021, 1922, 1907, 1863 883 
3.18 2835 2014, 1918, 1897, 1878 850 
3.19 2831 2021, 1925, 1892, 1865 858 
a Recorded as KBr pellets. In cm- . 
3.10 X-ray Crystal Structure of [Mo(C0)4{Ph2PN(2-C6H40Me)PPh2}] 3.17 
Slow diffusion of pet. ether (b.p. 60 - 80 °C) into a CDCh solution of 3.17 over 72 h 
gave crystals suitable for X-ray crystallography. The crystal structure of 
[Mo(C0)4{Ph2PN(2-C61-40Me)PPh2}] 3.17 (Figure 3.7, Table 3.15) shows the 
geometry around the molybdenum to be distorted octahedral with a cis chelating 
Ph2PN(2-C6I-40Me)PPh2ligand and four terminal carbon monoxide ligands. The four 
membered MoP2N ring is essentially planar and the Mo-P I P-N distances compare 
well with those of [Mo2(CO)s{J.t-cis-[PhNP(OC61-4Me-4)]2}2] [Mo-P 2.484(2), 
2.476(2) A; P-N range 1.701(4)- 1.716(3) Af79 and [Mo(C0)4{EtNP(OC61-4Br-4}3] 
[average Mo-P 2.452(5) A; P-N ea. 1.70(1) A]?80 In contrast the observed Mo-P 
bond lengths [2.5102(5) and 2.4880(5) A] in 3.17 are slightly longer than those found 
in [Mo(C0)4{PhNP(OC6Hs)2}2] [Mo-P 2.440(2), 2.427(2) A] indicating 3.1 is a 
poorer 7t-acceptor ligand than {PhNP(OC6Hs)2}2.281 The P-N-P angle in 3.17 
[1 03.43(8)0 ] differs by approximately ±3° with respect to that found in complexes 
3.13 - 3.15 and 3.20. 
Table 3.15 Selected bond lengths (A) and angles (D) for [Mo(C0)4 {Ph2PN(2-
C6l40Me)PPh2}] 3.17. 
Mo(1)-P(1) 2.5102(5) P(1)-N(1) 1.729(2) 
Mo(l)-P(2) 2.4880(5) N(1)-P(2) 1.729(2) 
Mo(1 )-C range 1.998(2)-2.045(2) 
Mo(1)-P(1)-N(1) 94.49(5) P(1)-Mo(1)-P(2) 65.78(2) 
Mo(1)-P(2)-N(1) 95.29(5) P( 1 )-N ( 1 )-P(2) 103.43(8) 
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Figure 3.7 Crystal structure of [Mo(C0)4{Ph2PN(2-C6~0Me)PPh2}] 3.17. 
3.11 Copper(I) Complexes of (Ph2P)2NR [R = 2-(CH2)nC6H40Me n = 0 - 2] 
Reaction of two equivalents of (Ph2P)2NR [R = 2-C6~0Me 3.1, CH2(2-C6~0Me) 
3.2, (CH2)2(2-C6~0Me) 3.3] with [Cu(CH3CN)4]PF6 in CH2Ch gave the d10 cationic 
copper(!) complexes 3.20-3.22 as white solids (Eqn 3.5). 
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n = 0, 3.20 
n= I, 3.21 
n = 2, 3.22 
Eqn 3.5 
Table 3.17 Selected IR data a for 3.20 - 3.22. 
Compound v(CH(oMe)) v(PN) 
3.20 2834 892 
3.21 2836 837 
3.22 2834 841 
a Recorded as KBr pellets. In cm· . 
The 31PeH} NMR spectra of 3.20- 3.22 display very broad singlets at ea. o(P) 85 
ppm [roy. ~ 80- 110Hz] (Table 3.16). TheIR spectra display bands characteristic of 
v(CH(oMe)) and v(PN) (Table 3.17). 
3.12 X-ray Crystal Structure of [Cu{Ph2PN(2-C6H40Me)PPh2}2]PF6 3.20 
Slow diffusion of Et20 into a CDCh solution of 3.20 over 72 h gave crystals suitable 
for X-ray crystallography. The crystal structure of3.20 (Figure 3.8, Table 3.18) along 
with its core geometry (Figure 3.9) confirm a markedly distorted tetrahedral geometry 
of the copper(1) metal centre, with the coordination sphere occupied by two chelating 
Ph2PN(2-C6RtOMe)PPh2ligands. 
Figure 3.8 Crystal structure of [Cu{Ph2PN(2-C6RtOMe)PPh2h]PF6 3.20. 
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Table 3.16 31PeH} and 1H NMR dataa for the compounds 3.20- 3.24. 
Compound ()p COy, 
3.20 [Cu {Ph2PN(2-C6!-40Me )PPh2}2]PF 6 89.1 6 110 
3.21 [Cu {Ph2PNCH2(2-C6I-40Me )PPh2}2]PF 6 85.5b 84 
3.22 [Cu {Ph2PN(CH2)2(2-C6!-40Me )PPh2}2]PF 6 84.0b 84 
3.23 Trans-[RuCh {Ph2PN(2-C6J-40Me )PPh2}2] 77.7e 
3.24 [ { AuCl }2 {Ph2PN(2-C6J-40Me )PPh2}] 84.9 
a Spectra measured in CDCI). Chemical shifts [<>e 1P)] in ppm. Coupling constants (.f) in Hz. 
b [PF 6]" counterion centred at 8P -144 ppm. 
c triplet e J(PH) 7Hz]. 
d multiplet. 
e Recorded in CDCh/MeOH. 
<>H (Aromatic) 
7.73-6.34 
7.72-5.37 
7.53-6.54 
7.48-6.33 
7.74-6.16 
<>H (OMe) 
2.68 
4.19c 3.28 
3.17d, 2.23d 3.66 
2.63 
2.96 
Pl41 
PI 51 
Nl41 
Figure 3.9 Core geometry in [Cu{Ph2PN(2-C6~0Me)PPh2}2]PF6 3.20. 
The Cu-P bond distances are normal [2.2944(12)- 2.3330(12) A] and similar to those 
found in 3.6. Both CuP2N rings are essentially planar and orthogonal to each other. 
Within the metallorings, the P-N-P angles [106.8(2) and 107.1(2)0 ] are similar to 
those found in [Cu{(Ph2P)2N(4-C6~CH=CH2)}2]PF6 3.49 [107.3(4) and 107.5(3)0]. 
Table 3.18 Selected bond lengths (A) and angles CO) for [Cu{Ph2PN(2-
C6~0Me )PPh2}2]PF 6 3.20. 
Cu(l)-P(l) 2.3010(12) P(l)-N(1) 1.719(3) 
Cu(l)-P(2) 2.3268(12) N(1)-P(2) 1.717(3) 
Cu(1)-P(3) 2.2944(12) P(3)-N(3) 1.705(3) 
Cu(1)-P(4) 2.3330(12) N(3)-P(4) 1.720(3) 
P(1 )-Cu(1 )-P(2) 73.19(4) Cu(1)-P(1)-N(1) 90.21(11) 
P(1 )-Cu(l )-P(3) 132.12(5) Cu(l)-P(2)-N(1) 89.41(11) 
P(1 )-Cu(l )-P( 4) 132.18(5) Cu(l )-P(3)-N(3) 90.75(12) 
P(2)-Cu(1 )-P(3) 130.06(5) Cu(1)-P(4)-N(3) 89.08(12) 
P(2)-Cu(1 )-P( 4) 126.16(5) P(1 )-N(1 )-P(2) 106.8(2) 
P(3)-Cu(l )-P( 4) 73.06(4) P(3)-N(3)-P( 4) 107.1(2) 
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3.13 Ruthenium(II) Chemistry ofPh2PN(2-C6H40Me)PPh2 
Reaction of Ph2PN(2-C6f40Me)PPh2 3.1 with [{RuCl(f.!-Cl)(T)6-p-MeC6f4;Pr)}2] in 
CDCh for 18 h afforded the bright yellow ruthenium(ll) complex trans-
[RuChPh2PN(2-C6f40Me)PPh2}2] 3.23. Independently 3.23 was prepared from 
[RuCh(DMS0)4] and 2 equivalents of3.1 albeit in reduced yield (33%) (Scheme 3.2). 
(') 
YoMe 
N 
/ ' p~p pp~ 
\I 
Cl-Ru-Cl 
I '\ 
P~P, /pp~ 
N 
hoMe 
V 
89% 
~ (i) (ii) )loo 
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YoMe 
N 
/ ' p~p pp~ 
\I 
Cl-Ru-CI 
I '\ 
Ph2P PP~ 
' / JvoMe 
V 
33% 
Scheme 3.2 (i) [{RuCl(f.!-Cl)(T)6-p-MeC6f4;Pr)}2], CDCh 
(ii) [RuCh(DMS0)4], CH2Ch. 
The 31PeH} NMR spectrum (in CDCh/MeOH) displayed a single resonance at o(P) 
77.7 ppm, a downfield shift of 12 ppm with respect to 3.1. In the 1H NMR spectrum, 
an upfield shift for the methoxy group [o(H) 2.63 ppm] was observed (Table 3.16). 
TheIR spectrum showed bands at 2829 cm-1 v(CH(oMe)) and 933 cm-1 v(PN). 
3.14 X-ray Crystal Structure of trans-[RuCh{Ph2PN(2-C6H40Me)PPh2}2] 3.23 
Suitable crystals of 3.23 for X-ray crystallography were obtained by allowing a 
CDCh solution of [{RuCl(f.!-Cl)(T)6-p-MeC6f4;Pr)}2] and Ph2PN(2-C6f40Me)PPh2 
3.1 to stand for several days. The crystal structure of trans-[RuCh{Ph2PN(2-
C6f40Me)PPh2}2] 3.23 (Figure 3.10, Table 3.19) showed the ruthenium(II) centre to 
be essentially octahedral with two chloride ions and two Ph2PN(2-C6f40Me)PPh2 
ligands disposed in a trans configuration. Within the four-membered RuP2N ring 
considerable ring strain exists as reflected by an acute P(1)-Ru(l)-P(2) angle of 
69.84(9)0 • The Ru-P, Ru-Cl and P-N distances in 3.23 are slightly shorter than those 
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in the ruthenium(II) complex [Ru(T)5-CsMes)Cl{(Ph2P)2NH}] [2.2777(10), 2.2813(10) 
and 1.692(3), 1.694(3) A respectively].282 Within the RuP2N metallacycle the P-N-P 
angle of 101.2(4)0 is somewhat enlarged with respect to 3.13- 3.15 but contracted 
when compared to 3.17 and 3.20. 
Figure 3.10 Crystal structure oftrans-[RuCh{Ph2PN(2-C6!-40Me)PPh2h] 3.23. 
Table 3.19 Selected bond lengths (A) and angles e) for trans-[RuCh{Ph2PN(2-
C6l40Me )PPh2h] 3.23. 
Ru(1}--Cl(l) 2.416(3) P(1}-N(l) 1.714(7) 
Ru(l}-P(1) 2.348(3) N(1}-P(2) 1.754(8) 
Ru(1}-P(2) 2.332(2) 
Cl(l }-Ru(1 }-P(1) 88.49(9) P(1}-Ru(1}-P(2) 69.84(9) 
Cl(1 }-Ru(1 }-P(2) 87.89(9) P(1 }-Ru(l }-P(2A) 110.16(9) 
Cl(1 }-Ru(1 }-P(1A) 91.51(9) Ru(l}-P(l}-N(1) 94.8(3) 
Cl(1 }-Ru(1 }-P(2A) 92.11(9) N(1}-P(2}-Ru(1) 94.2(2) 
P(l }-N(1 }-P(2) 101.2(4) 
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3.15 Gold Chemistry ofPh2PN(2-C6H.OMe)PPh2 
All complexes of3.1 described so far contain a P,P-chelating ligand. In order to probe 
whether other coordination modes are possible, reaction of 2 equiv. of [AuCl(tht)] 
with 3.1 gave the binuclear complex [(ClAuPh2P)2N(2-C6!40Me)] 3.24 in 94% yield. 
Here 3.1 bridges two {AuCl} metal fragments. The 31PeH} NMR spectrum displayed 
a single resonance downfield at o(P) 84.9 ppm, and the methoxy resonance in the 1H 
NMR spectrum had shifted upfield by approximately 1 ppm (Table 3.16). The IR 
spectrum displays bands at 2835 cm-1 and 912 cm-1 assigned to v(CH(oMe)) and v(PN) 
respectively. Additionally a single Au-Cl stretch at 326 cm-1 was observed. Ligands 
of this P-N-P class [i.e. RN(PX2)2, R =alkyl; X= alkoxy, F] have previously been 
used in the preparation of heterobimetallic complexes.283,284 Jones et al. recently 
described some unusual dinuclear gold(1) and gold(III) complexes with the bidentate 
(phosphino)amines J,2-{Ph2PN(H)}2C6!4 and 3,4-{Ph2PN(H)hC6H3Me ligands.148 
3.16 Synthesis of Keto Substituted Ph2PN(R)PPh2 Ligands 
Using the P-N forming reaction described earlier in Section 3.2, the synthesis of two 
new para substituted keto functionalised bis(phosphino )amines was achieved in good 
yield (73 and 55%) (Eqn 3.6). The ligands were isolated, after work-up, as air and 
AI~ y + Pb,PCI 
R R 
R=COMe 3.25 
COPh 3.26 
Eqn 3.6 
Table 3.20 31P{1H} and 1H NMR3 data for the (phosphino)amines 3.25 and 3.26. 
3.25 
3.26 
Compound 
Ph2PN { 4-C6!4C(O)Me} PPh2 
Ph2PN { 4-C6!4C(O)Ph} PPh2 
oP 
68.1 
68.4 
oH (Aromatic) oH (Me) 
7.53-6.75 
8.65-7.10 
2.40 
a Spectra measured in CDCh. Chemical shifts [oe1P)] in ppm. 
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Table 3.21 Selected IR data8 for 3.25 and 3.26. 
Compound 
3.25 
3.26 
8 Recorded as KBr pellets. In cm· . 
v(C=O) 
1679 
1642 
v(PN) 
891 
885 
moisture stable pale yellow solids. The 31PeH} NMR spectra of 3.25 and 3.26 
display single resonances around 8(P) 68 ppm. In the 1H NMR spectrum of 3.25 the 
methyl resonance was observed at 8(H) 2.40 ppm, similar to that for the 
functionalised mono(phosphino )amine 2.1 described in Chapter 2. The IR spectra 
display bands at 1679, 1642 cm"1 v(C=O) and 891, 885 cm"1 v(PN) for 3.25 and 3.26 
respectively. The positive-ion F AB mass spectra gave the expected parent-ions for 
3.25 and 3.26. 
3.17 Coordination Chemistry ofPh2PN{4-C6H4C(O)Me}PPh2 
The coordination chemistry of PhzPN { 4-C6~C(O)Me} PPhz 3.25 with platinum and 
gold metal centres was explored (Scheme 3.3). Reaction of 3.25 with [PtClz(cod)] in 
CH2Clz gave 3.27 in excellent yield (96%). The 31PeH} NMR spectrum of 3.27 
displayed a single phosphorus resonance flanked by 195Pt satellites [8(P) 21.4 ppm, 
1J(PtP) 3330 Hz]. The 1H NMR spectrum showed the methyl resonance remains 
essentially unchanged upon coordination. The isolated complex 3.27 has a cis 
Cl\ /Cl Cl Cl I I 
/I\. PhzP, ,..PPhz Au Au N I I 
PhzP, ,..PPhz Q PhzP, ,..PPhz N (i) (ii) N Q ~ .... Q COMe 
COMe 3.25 COMe 
3.27 3.28 
Scheme 3.3 (i) [PtClz(cod)], CHzClz (ii) [AuCl(tht)], CHzClz. 
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Table 3.22 31PeH} and 1H NMR dataa for the (phosphino)amines 3.27 and 3.28. 
1J(PtP) oH Compound oP oH (Me) 
(Aromatic) 
3.27 [PtCh{Ph2PN(4-C6I!tC(O)Me)Ph2P}] 21.4 3330 7.90-6.63 2.47 
3.28 [ { CIAuPh2P}2N { 4-C6IitC(O)Me}] 87.4 7.68-6.39 2.40 
a Spectra measured in CDCh. Chemical shifts [oe1P)] in ppm. Coupling constants (J) 
inHz. 
configuration, as confirmed by the observation of two distinct Pt-Cl stretches in the 
IR spectrum. Furthermore, two bands at 1685 and 902 cm·1 are assigned as v(C=O) 
and v(PN) respectively. The reaction of 3.25 with [AuCl(tht)] gave the binuclear 
complex 3.28 in 75% yield. The ligand 3.25 was found to bridge two {AuCl} 
fragments. The 31PeH} NMR spectrum displayed a single resonance downfield at 
o(P) 84 ppm. The IR spectrum showed bands at 1728 cm·1 v(C=O), 898 cm·1 v(PN) 
and 334 cm·1 v(AuCl). 
Table 3.23 Selected IR dataa for 3.27 and 3.28. 
Compound 
3.27 
3.28 
v(C=O) 
1685 
1686 
a Recorded as K.Br pellets. In cm· . 
v(PN) 
902 
900 
v(MX) 
311,291 
337 
3.18 X-ray Crystal Structure of [{CIAuPh2P}zN(4-C6~C(O)Me)] 3.28 
Suitable crystals of [{ClAuPh2P}2N(4-C6HtC(O)Me}] 3.28 for X-ray analysis were 
obtained by layering a CDCh/CH2Ch solution of 3.28 with Et20. The X-ray structure 
of3.28 (Figure 3.11 and Table 3.24) showed the geometry about each gold(l) metal 
centre to be essentially linear [Cl(1)-Au(l)-P(1) 176.12(7) and Cl(2)-Au(2)-P(2) 
177.55(6)0]. The observed P(l )-N(1 )-P(2) angle [118.9(3)0 ] is larger than observed 
for the four membered MP2N metallocycles 3.13 - 3.15, 3.17, 3.20, 3.23 and 3.32 
[range 99.2(5) - 106.8(2)0 ] but smaller than that observed for the diselenide 3.6 
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[124.77(10)0]. The Au-P [both 2.232(2) A] and Au-Cl [2.273(2) and 2.270(2) A] 
bond lengths are normal.260 A weak aurophilic Au···Au [3.103(1) A] interaction 
between the two AuCl units was also observed. 
Figure 3.11 Crystal structure of [ { ClAuPh2P}2N( 4-C6!4C(O)Me}] 3.28. 
Table 3.24 Selected bond lengths (A) and angles e) for [{ClAuPh2P}2N(4-
C6!4C(O)Me}] 3.28. 
Cl( 1 )-Au( 1) 2.273(2) Au(1)-P(1) 2.232(2) 
Cl(2)-Au(2) 2.279(2) Au(2)-P(2) 2.232(2) 
P(l)-N(1) 1.704(5) N(l)-P(2) 1.713(5) 
Cl( 1 )-Au( 1 )-P( 1) 176.12(7) Au(1)-P(1)-N(1) 109.1(4) 
Cl(2)-Au(2}-P(2) 177.55(6) Au(2)-P(2}-N(1) 109.4(2) 
P(l)-N(1)-P(1) 118.9(3) 
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3.19 Synthesis of Ester Substituted (Ph2P)2NR Ligands 
As described earlier in Section 3.2, the synthesis of three ortho substituted ether 
functionalised bis(phosphino )amines were described. Here the synthesis of a range of 
ester functionalised bis(phosphino )amines are presented using a similar experimental 
procedure (Eqn 3.7). The new (phosphino)amines ligands 3.29-3.31 exhibit a single 
A + PlJ,PCI 
R"YR 
R' 
R = C02Me, R' = H, 
R = C02Me, R' = H, 
EtzO, Et3N ,.. 
[-E~N.HCl] 
R = H, R' = C02Me, 
R"=H 3.29 
R" = C02Me 3.30 
R"=H 3.31 
Eqn3.7 
31PeH} NMR resonance (in CDCh) at ea. o(P) 69 ppm (Table 3.25), similar to that 
observed for 3.1- 3.3. The methyl resonances of the ester moieties observed in the 1H 
NMR were similar to those found for the mono(phosphino )amines described in 
Chapter 2 (Table 3.25). TheIR spectra display bands in the range 1727- 1717 cm-1 
and 927- 891 cm-1 assigned as v(C=O) and v(PN) respectively (Table 3.26). The 
positive-ion F AB mass spectra gave the anticipated parent-ions for all three ligands. 
Additionally an [M+O] ion was observed for 3.29 and 3.31. 
Table 3.25 31PeH} and 1H NMR dataa for the (phosphino)amines 3.29- 3.31. 
Compound oP oH (Aromatic) oH(Me) 
3.29 Ph2PN { 3-C6HtC(O)OMe} PPh2 69.0 7.64-6.83 3.74 
3.30 Ph2PN{J,5-C6H3(C(O)OMe)2}PPh2 69.0 7.89-7.24 3.74 
3.31 Ph2PN { 4-CGI!tC(O)OMe} PPh2 68.5 7.93-6.76 3.83 
a Spectra measured in CDCh. Chemical shifts [oe1P)] in ppm. 
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Table 3.26 Selected IR dataa for 3.29- 3.31. 
Compound v(C=O) v(PN) 
3.29 1722 927 
3.30 1727 917 
3.31 1717 891 
a Recorded as KBr pellets. In cm- . 
3.20 Square Planar Complexes ofPh2PN(R)PPh2 (R =ester functionalised group) 
3.20.1 Synthesis and characterisation of [PtCh{(Ph2P)2NR}] [R = ester 
functionalised (phosphino )amines] 
Reaction of (Ph2P)2NR 3.29 - 3.31 with [PtCh(cod)] proceeds smoothly, with 
displacement of cod and formation of the P,P-chelate complexes 3.32 - 3.34 in 
excellent yield (typically about 90%) (Eqn 3.8). 
P~P, ..-PP~ N 
I 
R 
R= 
3.32 
+ [PtCli cod)] 
3.34 
Eqn3.8 
The 31PeH} NMR spectra (in CDCh) of 3.32- 3.34 showed singlets at ea. 3(P) 21 
ppm with platinum satellites. The 1J(PtP) coupling constants of 3330 Hz were 
indicative of a phosphorus ligand trans to chloride. The IR showed two distinct 
v(PtCl) stretches, in addition to bands assigned to v(C=O) and v(PN) (Table 3.28). 
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Table 3.27 31PeH} and 1H NMR dataa for the compounds 3.32- 3.37. 
1J(PtP) oH Compound oP oH(Me) 
(Aromatic) 
3.32 [PtCh{Ph2P}2N{3-C6!4C(O)OMe}] 21.4 3334 7.90-6.67 3.75 
3.33 [PtCh{Ph2P}2N { 4-C614C(O)OMe}] 21.3 3330 7.88-6.57 3.83 
3.34 [PtCh{Ph2P}2N{3,5-C6H3(C(O)OMe)2}] 22.5b 3339 8.39-7.26 3.78 
3.35 [PtBr2{Ph2PhN{3,5-C6H3(C(O)OMe)2}] 21.3 3260 8.37-7.37 3.78 
3.36 [Pth{Ph2P}2N {3,5-C6H3(C(O)OMe)2}] 17.4 3066 8.30-7.31 3.74 
3.37 [PdCh{Ph2P}2N{3,5-C6H3(C(O)OMe)2}] 36.1 8.37-7.44 3.79 
a Spectra measured in CDCh. Chemical shifts [oC1P)] in ppm. Coupling constants (J) 
in Hz. b oPt -4056 ppm. 
Table 3.28 Selected IR dataa for 3.32- 3.37. 
Compound v(C=O) 
3.32 1724 
3.33 1733, 1720 
3.34 1721 
3.35 1734, 1721 
3.36 1728 
3.37 1733, 1720 
a Recorded as KBr pellets. In cm· . 
v(PN) 
904 
907 
901 
864 
864 
912 
v(MX) 
314,292 
318,296 
307,290 
303,282 
314,296 
3.20.2 X-ray crystal structure of [PtCh{(Ph2P)2N(3-C6H4C(O)OMe)}] 3.32 
Crystals of [PtCh{(Ph2P)2N(3-C614C(O)OMe)}] 3.32 suitable for X-ray 
crystallography were grown over several days by allowing Et20 to diffuse slowly into 
a CDCh solution of 3.32. The crystal structure (Figure 3.12) and selected bond 
lengths and angles are given in Table 3.24. The geometry around the platinum centre 
is distorted square-planar as reflected by the bond angles [P(l)-Pt(l)-P(2) 72.7(1), 
P(2)-Pt(l)-Cl(2) 98.6(1), Cl(l)-Pt(l)-Cl(2) 91.6(1), P(1)-Pt(l)-Cl(l) 97.3(1)0 ], and 
very similar to the bond angles observed for the palladium complexes 3.13 - 3.15. 
The four-membered PtP2N ring is essentially planar and the Pt-P/P-N distances 
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compare well with those of [Pt( dppma)Ch] ( dppma = 
bis(diphenylphosphino)methylamine?77 The Pt-Cl bond distances [2.343(3) and 
2.3 51 ( 4)] were typical of a phosphorus trans to a chloride. 89 
Figure 3.12 Crystal structure of[PtCh{(Ph2P)2N(J-C6l4C(O)OMe)}] 3.32. 
Table 3.29 Selected bond lengths (A) and angles e) for [PtCh{(Ph2P)2N(J-
C6I4C(O)OMe)}] 3.32. 
Pt(l)-Cl(l) 2.343(3) Pt(l)-P(2) 2.208(3) 
Pt(l )-Cl(2) 2.351(4) P(l)-N(l) 1.726(9) 
Pt(l)-P(l) 2.196(3) N(l)-P(2) 1.70(1) 
Cl(l )-Pt(l )-Cl(2) 91.6(1) P(l )-Pt(l )-P(2) 72.7(1) 
Cl(l )-Pt(l )-P(l) 97.3(1) Pt(l)-P(l)-N(l) 93.9(3) 
Cl(l)-Pt(l)-P(2) 169.7(1) P(l)-N(l)-P(2) 99.2(5) 
Cl(2)-Pt(l )-P(2) 98.6(1) N(l)-P(2)-Pt(l) 94.1(3) 
Cl(2)-Pt(l )-P(l) 170.5(1) 
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3.20.3 Synthesis and characterisation of [PtX2(Ph2P)2N{J,5-C6H3(C(O)OMe)2}] 
(X=Br, I) 
The dibromo- 3.35 and diiodo- 3.36 complexes [PtX2(Ph2P)2N{3,5-
C6H3(C(O)OMe)2}] were prepared by reaction of3.30 with [PtBr2(cod)] or [Pth(cod)] 
(Eqn 3.9). 
3.30 
CH2Cl2 [~(cod)] __ ____,.,..~ 
X= Br 3.35 
I 3.36 
Eqn 3.9 
The 31PeH} NMR spectra (in CDCb) of 3.35 and 3.36 showed singlets at 8 21 ppm 
and 8 17 ppm respectively, each with platinum satellites. [1J(PtP) 3260 and 3066Hz] 
(Table 3.27). The decrease in 1J(PtP) on going from Cl> Br >I reflects the increasing 
trans influence of the halides. Assignment of the IR identified v(C=O) in the range 
1734 - 1728 cm-1 and v(P-N) at 864 cm-1. Two distinct v(Pt-Br) stretches at 303 and 
282 cm-1 were observed. for 3.35, no v(Pt-I) stretches were identified for the iodide 
3.36 (Table 3.28). 
3.20.4 Synthesis and characterisation of [PdCh{Ph2PhN{J,5-C6HJ(C(O)OMe)2}] 
The palladium(II) complex [PdCh(Ph2P)2N {3,5-C6HJ(C(O)OMe )2}] 3.37 was 
prepared and isolated in the same manner to its platinum analogue 3.34. This new 
complex gave satisfactory microanalysis, NMR and IR spectra (Table 3.27 and Table 
3.28). 
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3.21 Binuclear Gold(I) Complexes of (Ph2P)2NR (R =ester functionalised group) 
The reaction of two equivalents of [AuCl(tht)] with 3.29 - 3.31 gave 
[{ClAuPhP2}2NR] 3.38-3.40 as white solids (Eqn 3.10). 
,PP~ 
R-N + 2[AuCl(tht)] 
\ 
pp~ 
R= 
3.38 3.39 
p~ 
P-Au-Cl , 
R-N 
' P-Au-Cl 
p~ 
3.40 
Eqn 3.10 
These complexes displayed a sharp singlet in their 31P{1H} NMR around o(P) 87 ppm 
and the 1H NMR showed the methyl protons at a similar value to those observed for 
the ligands 3.29-3.31 (Table 3.30). TheIR displayed bands in the range 1728- 1686 
cm-1, 931 - 880 cm·• and 338- 334 cm-1, assigned to v(C=O), v(PN) and v(AuCl) 
respectively (Table 3.31). The microanalytical data were in good agreement with 
calculated values. 
Table 3.30 31PrtH} and 1H NMR dataa for the compounds 3.38- 3.40. 
oH oH 
Compound oP 
(Aromatic) (CH2) 
3.38 [{AuC1}2{Ph2PN{3-C6!4C(O)OMe}PPh2}] 89.2 7.67-6.45 3.73 
3.39 [ { AuCl }2 {Ph2PN { 4-C614C(O)OMe} PPh2}] 87.5 7.67-7.26 3.80 
3.40 [{AuC1}2{Ph2PN{3,5-C6H3(C(O)OMe)2}PPh2}] 87.1 8.30-7.12 3.78 
a Spectra measured in CDCb. Chemical shifts [oC1P)] in ppm. 
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Table 3.31 Selected IR data8 for 3.38- 3.40. 
Compound v(C=O) v(PN) v(MCl) 
3.38 1723 880 335 
3.39 1726 931 338 
3.40 1728 898 334 
a Recorded as KBr pellets. In cm- . 
3.22 P-N bond cleavage reactions 
The instability of the P-N bond(s) in several palladium and platinum complexes 
towards methanol has previously been documented.285 In this transformation a 
remarkably clean cleavage of one P-N bond providing, in principal, direct entry to 
mixed platinum(II) complexes containing R2PN(H)R and R2POR ligand has been 
observed. When a suspension of [PtCh{Ph2P}2N{3,5-C6HJ(C(O)OMe)2}] 3.34 was 
stirred for 18 h in MeOH a white solid 3.41 was obtained (Eqn 3.11). 
Cl Cl 
\I 
Pt 
/ \ 
P~P, ,.PP~ ~ Me02C h- C02Me 
3.34 
MeOH 
Cl Cl 
\I 
/Pt, 
p~p pp~ 
I I 
Me02CYI(NH OMe y 
C02Me 
3.41 
Eqn 3.11 
The 31PeH} NMR spectrum of3.41 showed two doublets, each with associated 195Pt 
satellites, indicative of two inequivalent phosphorus environments. The downfield 
resonance at 8(P) 81.1 ppm is assigned to the coordinated PPh20Me and the upfield 
resonance at 8(P) 30.0 ppm corresponds to the ligated Ph2PN(H)R [R = 3,5-
C6H3(C(O)OMe)2] (Table 3.32). Further evidence in support of this assignment comes 
from the similarity of the 8(P) with other [PtCh{Ph2PN(H)R}2] systems (see Section 
2.5). A small 2 J(PP) coupling of 13 Hz implies a mutually cis arrangement of these 
ligands. 
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Table 3.32 31PeH} and 195PteH} NMR3 data for the compounds 3.44, 3.45, 3.49 and 3.50. 
Compound ()p 1J(PtP) 8PoMe 1J(PtPoMe) 'J(PPoMe) 8Pt 
3.41 [PtCh {PPh20Me} { 3, 5-(C(O)OMe )2C6H3N(H)PPh2}] 30.0 3961 81.4 4332 16 -4315 
3.42 [PdCh {PPh20Me} { 3, 5-(C(O)OMe )2C6H3N(H)PPh2}] 50.8 108.2 24 
3.45 [PtBr2{PPh20Me}{3,5-(C(O)OMe)2C6H3N(H)PPh2}] 30.6 3934 80.6 4268 21 -4556 
3.46 [Pth {PPh20Me} { 3, 5-(C(O)OMe )2C6H3N(H)PPh2}] 29.9 3789 80.4 4110 9 -5074 
-VI 0'1 
a Spectra measured in CDCh. Chemical shifts [<>e1P), <>e95Pt)] in ppm. Coupling constants (.J) in Hz. 
Table 3.33 1H NMRa data for the compounds 3.41, 3.44 and 3.45. 
8H (NH) 2J(PH)a 8H (Aromatic) 8H (Me) 8H (OMe) 2J(PH) 
3.41 8.33 12 8.06-7.26 3.80 2.80 12 
3.44 b 8.10-7.26 3.81 2.79 12 
3.45 b 8.10-7.26 3.81 2.79 12 
a Spectra measured in CDCl3. Chemical shifts [8CH)] in ppm. Coupling constants (.J) 
in Hz.bNH not observed. 
In the 1H NMR spectrum the expected resonances for the aromatic and ester groups 
were observed in addition to (i) a downfield doublet at 8(H) 8.33 ppm eJ(PH) 12Hz] 
which was assigned to the amine proton and (ii) a doublet at 8(H) 2.8 ppm eJ(PH) 12 
Hz] for the Ph2POMe (Table 3.33). TheIR spectrum showed two absorptions in the 
v(PtCl) region providing further support for a cis-PtCh unit, and a weak band at 3239 
cm"1 [v(NH)] (Table 3.34). The microanalytical data for 3.41 was in good agreement 
with calculated values. 
3.22.1 X-ray crystal structure of [PtCh(PPh20Me){J,S-
(C(O)OMe)2C6H3N(H)PPh2}] 3.41 
Suitable crystals of [PtCh(PPh20Me){3,5-(C(O)OMe)2C6HJN(H)PPh2}] 3.41 were 
obtained by slow diffusion of Et20 into a CDCh/CH2Ch solution. The crystal 
structure of 3.41 (Fig 3.13, Table 3.35) showed the platinum to be in a slightly 
distorted square-planar environment, with the coordination sphere occupied by two 
chloride ligands and the two inequivalent phosphorus ligands PPh20Me and 3,5-
(C(O)OMe)2C6H3N(H)PPh2 in a cis configuration. The Pt-Cl bond distances 
Table 3.34 Selected IR data for 3.41, 3.44 and 3.45. 
Compound v(NH) v(C=O) v(PN) v(MCI) 
3.41 3239 1732, 1724 842 316,284 
3.44 3194 1725 833 
3.45 3194 1725 833 
a Recorded as KBr pellets. In cm· . 
157 
[2.370(2) and 2.3498(13) A] and Pt-P [2.2211(14) and 2.2513(13) A] compare well 
with literature values e.g. the complex cis-[PtCb(PPh20Me){S-
Ph2PN(H)C(H)(Me)(Ph)}] [2.374(2) and 2.356(2) A for Pt-Cl and 2.214(3) and 
2.244(2) A for Pt-P].285 The structural parameters of the PPh20Me ligand are also 
similar to those found in related complexes containing this group. 88,278,286,287 The 
P(l}-N(1) bond length [1.680(5) A] is similar to those observed in the platinum 
complexes 2.19 and 2.20 [range 1.666(9) - 1.697(3) A] (Chapter 2). Additionally 
P(1}-N(1) is shorter than the accepted value for a P-N single bond (1.77- 1.88 A) 
implying partial double bond character.287 There is also an intramolecular hydrogen 
bond observed between a chloride and the N-H proton [H(1)--·Cl(1) 2.28 A; N(1}-
H(1)···Cl(l) 138°]. 
Cl2 
Figure 3.13 Crystal structure of 
[PtCh(PPh20Me){3,5-(C(O)OMe)2C6H3N(H)PPh2}] 3.41. 
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Table 3.35 Selected bond lengths (A) and angles e) for [PtCh{PPh20Me}{3,5-
(C(O)OMe)2C6H3N(H)PPh2}] 3.41. 
Pt(l)-Cl(l) 2.370(2) P(l)-N(l) 1.680(5) 
Pt(l)-Cl(2) 2.3498(13) 0(2)-P(2) 1.600(4) 
P(2)-Pt(l) 2.2211(14) P(l)-Pt(l) 2.2513(13) 
Cl( I )-Pt(l )-Cl(2) 87.62(5) P(l )-Pt(l )-P(2) 94.03(5) 
Cl(2)-Pt(l )--P(2) 85.99(5) Pt(1)-P(l)-N(l) 109.0(2) 
Cl (I )-Pt(l )--P(l) 92.92(5) Pt( 1 )-P( I )--0(2) 110.60(14) 
This reaction has previously been observed for other P-N-P type systems, however in 
these examples the synthesis requires refluxing methanol in order to facilitate P-N 
bond cleavage?85 It has been shown that for coordinated Ph2PN { 3, 5-
C6H3(C(O)OMe)2}PPh2, mild conditions (i.e. MeOH, room temperature) were 
adequate. 
Varied results were obtained when this reaction was extended to other metal 
complexes of 3.26 or with different his substituted (phosphino )amine complexes. 
Stirring a methanol suspension of 3.37 for 16 h gave the mixed palladium complex 
[PdCh(PPh20Me ){ 3, 5-(C(O)OMe )2C6H3N(H)PPh2}] 3.42, cis-[PdCh(Ph2POMe )2] 
3.43 and unreacted 3.37. 31PeH} NMR spectroscopy revealed 3.42 to be the major 
species present (80% by integration of the phosphorus resonances) and displayed the 
expected AX pattern (Table 3.32 for data). Prolonged reaction times only increased 
the amount of 3.43. 
Attempts to prepare [PtX2{PPh20Me}{3,5-(C(O)OMe)2C6H3N(H)PPh2}] (X = Br 
3.44 X = I 3.45) by stirring a methanol suspension of cis-[PtX2{Ph2P}2N{3,5-
C6H3(C02Me )2}] (X = Br 3.35 and I 3.36) gave predominantly unreacted starting 
materials. Refluxing these solutions produced mainly [PtX2(PPh20Me )2] (X = Br, 
3.46; X= I, 3.47). Instead, metathesis of3.41 with NaBr (or Nal) in acetone/methanol 
afforded the complexes [PtBr2(PPh20Me ){ 3,5-(C(O)OMe )2C6H3N(H)PPh2}] 3.44 
[Pth(PPh20Me){3,5-(C(O)OMe)2C6H3N(H)PPh2}] 3.45 respectively (Scheme 3.4). 
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Cl Cl 
\I 
/Pt, 
p~p pp~ 
I I 
-? I H Me02CYN, OMe 
~ 
C02Me 
3.41 
X=Br3.35 
X= I 3.36 
(i) 
X=Br 3.44 
I 3.45 
Scheme 3.4 (i) NaX (X= Br, I) acetone/MeOH (ii) MeOH, room temperature. 
The 31PeH}, 1H NMR and IR data for these compounds are collected in Tables 3.32-
3.34. Both compounds displayed the expected AX type spectra in their 31PeH} NMR, 
however no amine proton was observed in either of the 1H NMR spectra. 
3.23 P-N Bond Cleavage and Orthometallation Reactions 
When the same procedure was extended to 3.32 and 3.34 high recovery of these 
platinum(II) materials was observed. Upon leaving the filtrate of 3.32 to stand for 
approximately 2 weeks a small crop of pale yellow crystals was obtained and shown 
to be the unusual platinum(II) complex [PtCl(PPh20Me){J-
(C(O)OMe)2C6H3N(H)PPh2-P,C}] 3.48. The 31PeH} NMR spectrum showed two 
doublets at o(P) 117.3 ppm and o(P) 71.7 ppm with a 1J(PPt) of 2292 and 4421 Hz 
respectively. The downfield resonance at o(P) 117.3 ppm indicates the phosphorus is 
within a five-membered ring and the 1J(PPt) suggests the phosphorus is trans to 
chloride. In contrast, for the resonance at o(P) 71.7 ppm, the 1J(PPt) suggests the 
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phosphorus is trans to a high trans influence ligand such as an orthometallated phenyl 
group. The small 2 J(PP) coupling e J(PP) 20 Hz] suggests that these phosphorus 
ligands are cis to each other. The 1H NMR spectra showed in addition to the expected 
resonances [8 8.41 - 7.36 ppm (aromatics) and 8 3.80 (COzMe)] a doublet at 8 2.91 
ppm e J(PH) 11 Hz] assigned to the PPhzOMe protons. The IR spectrum shows one 
absorption assigned to v(PtCl), additionally an absorption at 3310 cm"1 v(NH) 
suggests cleavage ofthe P-N. Bands assigned to v(C=O) and v(PN) were observed at 
1696 cm·1 and 923 cm·• respectively. 
3.24 X-ray Crystal Structure of [PtCI(PPh20Me){3-(C(O)OMe)C6HJN(H)PPhr 
P,q] 3.48 
Since the exact structure could not be attained from the spectroscopic data alone [i.e. 
structures A orB], an X-ray crystallographic study was undertaken. 
Me02C 
OMe 
I 
Cl, ,PPhz 
Pt A.th, 
~H 
A B 
The single X-ray structure determination confirmed that the suggested P,C chelating 
mode ofthe (3-COzMe)C6H3N(H)PPhz ligand (Figure 3.14 and Table 3.36) is indeed 
A. The X-ray structure of3.48 revealed an approximate square-planar coordination of 
the platinum [P(1)-Pt(1)-C(1) 83.08(11), Cl(1)-Pt(1)-C(l) 93.20(11), Cl(l)-Pt(1)-P(2) 
86.57(4), P(2)-Pt(1)-P(1) 96.97(4)0 ]. The two phosphorus ligands adopt a cis 
configuration with typical Pt-P [2.1951(11) and 2.2855(10) A] bond distances. The 
different P-Pt bond lengths reflect the different trans ligands (Cl vs aryl ligand). 
Stirring [PtCh{PhzPN(4-C6lltC(O)OMe)PPhz}] 3.34 in MeOH for 16 h gave 
unreacted 3.34 and the orthometallated complex [PtCl(PPhzOMe ){ 4-
(C(O)OMe)C6H3N(H)PPh2-P,C}] 3.49 as indicated by 31PeH} NMR spectroscopy. 
The 31PeH} NMR of the filtrate showed, in addition, the presence of the P-N cleaved 
spectes 
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C19 
Figure 3.14 Crystal structure of [PtCl(PPh20Me ){ 3-(C(O)OMe )C6H3N(H)PPh2-
P,C}] 3.48. 
Table 3.36 Selected bond lengths (A) and angles CO) for [PtCl(PPh20Me){3-
(C(O)OMe )C6H3N(H)PPh2-P, C}] 3.48. 
Pt(l)-P(l) 2.1951(11) Pt(l)-P(2) 2.2855(10) 
N(1)-P(1) 1.663(3) P(2)-0(3) 1.606(3) 
Cl(1)-Pt(1) 2.3590(11) C(l)-Pt(l) 2.062(3) 
P(l )-Pt(1 )-P(2) 96.97(4) Cl(1 )-Pt(1 )-C(1) 93.20(11) 
Cl(1 )-Pt(l )-P(2) 86.57(4) P(l )-Pt( 1 )-Cl (I) 174.84(3) 
P(1 )-Pt(l )-C(1) 83.08(11) P(2)-Pt(l )-C(1) 196.98(10) 
Pt(l )-P(1 )-N(l) 103.94(12) Pt(l)-P(2)-0(3) 109.90(10) 
[PtCl(PPh20Me ){ 4-(C(O)OMe )C6lltN(H)PPh2}] 3.50 whilst attempts to isolate a 
pure sample of 3.49 were unsuccessful. In an attempt to obtain the single species 3.48 
and 3.49, the reactions were performed by refluxing 3.32 and 3.34 in MeOH. This 
reaction afforded a mixture of the orthometallated and P-N bond cleaved complexes 
in a ratio of ea. 1: 1. Lengthening the refluxing time resulted in the formation of 
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[PtCh(PPh20Me)2] 3.51 and no change in the ratio of 3.48 or 3.49. Although P-N 
bond cleavage using higher boiling point alcohols has not been attempted, this 
reaction could prove promising since literature examples have shown that reactions 
with different alcohols also behave similarly?85 
3.25 Synthesis and Characterisation of (Ph2P)2N(4-C6H4CH=CH2) 
Using the general P-N bond forming reaction previously described, the synthesis of 
the new his vinyl substituted (phosphino)amine 3.52 was achieved (Scheme 3.5) in 
good yield (71 %). The ligand was isolated, after work-up as an air and moisture 
tolerant off-white solid. The 31P{ 1H} NMR spectrum of 3.52 showed a single 
resonance at D(P) 69.1 ppm, slightly further downfield than other his-substituted 
(phosphino)amines described earlier in this chapter. The vinyl group protons in the 1H 
NMR were assigned to the observed quartet and doublet of doublet resonances close 
to the aromatic region (Table 3.39). From theIR, v(C=C) at 1624 cm·1 was identified, 
a second band at 949 cm"1 was attributed to v(PN). The positive-ion F AB mass 
spectrum displayed the expected parent-ion peak (mlz 487 [MJl-
3.26 Coordination Chemistry of (Ph2P)2N(4-C6~CH=CH2) 
The coordination chemistry of(Ph2P)2N(4-C6~CH=CH2) 3.52 with various transition 
metal centres was explored (Scheme 3.5). Reaction of3.52 with [MCh(cod)] (M= Pt, 
Pd) in CH2Ch gave the corresponding metal(II) complexes 3.53 and 3.54 in good 
yields (ea. 80%). The molybdenum complex 3.55 was prepared in a similar manner 
by displacement of nbd from [Mo(C0)4(nbd)] with 1 equivalent of (Ph2P)2N(4-
C6~CH=CH2) 3.52. In the complexes 3.53 and 3.54 an upfield shift of D(P) between 
50 and 35 ppm was observed whereas for 3.55 a downfield shift in D(P) of ea. 25 ppm 
was noted (Table 3.37). Additionally a typical 1J(PtP) coupling of 3330 Hz was 
observed for the platinum chloride complex 3.53. The isolated dichlorometal(II) 
complexes 3.53 and 3.54 have a cis configuration since two distinct M-Cl stretches 
were observed in their IR spectra (Table 3.38). For 3.55 theIR spectrum showed four 
strong carbonyl stretches, consistent with a cis Mo(C0)4 geometry. Reaction of two 
equivalents of 3.52 with [Cu(MeCN)4]PF6 in CH2Ch gave the d10 cationic copper 
complex [Cu{(Ph2P)2N(4-C6~CH=CH2)}2]PF6 3.56. In the 31PeH} NMR spectrum 
the PF6- was centred at D -144 ppm and the complex was observed as a 
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Table 3.37 31PeH} and 1H NMR data8 for the compounds 3.52- 3.57. 
Compound oP 7J(PtP) roy. oH (Aromatic) oH (CH)6 oH (CH2)6 
3.52 Ph2PN( 4-C6HtCH=CH2)PPh2 69.0 7.41-6.56 6.52 5.33 
3.53 [PtCh {Ph2PN( 4-C6H4CH=CH2)PPh2}] 21.2 3330 7.85-6.33 6.47 5.38 
3.54 [PdCh {Ph2PN( 4-C6litCH=CH2)PPh2}] 35.1 7.91-6.49 6.49 5.40 
-0'\ 3.55 [Mo(C0)4 {Ph2PN( 4-C6lltCH=CH2)PPh2}] 94.8 7.43-6.37 6.45 5.32 ~ 
3.56 [Cu{Ph2PN(4-C6lltCH=CH2)PPh2}2]PF6 88.9 84 7.54-6.24 6.50 5.40 
3.57 [(ClAuPh2P)2N( 4-C6litCH=CH2)] 87.8 7.67-6.20 6.41 5.36 
a Spectra measured in CDCh. Chemical shifts [oC1P), oCH)l in ppm. Coupling constants(.!) in Hz. 
b doublet of doublets. 
c (v) (iii) ,.. 
p~p .... N'pp~ 
I I 
Au Au 
I I 
Cl Cl 3.55 
3.57 
Scheme 3.5 (i) Ph2PCl, Et20 (ii) [MCh(cod)] (M= Pt, Pd) (iii) [Mo(C0)4(nbd)] 
(iv) [Cu(CH3CN)4]PF6 (v) 2 equiv. [AuCl(tht)]. 
Table 3.38 Selected IR dataa for 3.52- 3.57. 
Compound v(C=C) v(PN) v(CO) v(MCl) 
3.52 1624 949 
3.53 1604 941 314,293 
3.54 1604 908 309,289 
3.55 931 2018, 1921, 1899, 1881 
3.56 1630 931 
3.57 1628 912 334 
a Recorded as KBr pellets. In cm- . 
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broad singlet [o 88.9 ppm, rov. = 84 Hz]. When 3.52 was reacted with [AuCl(tht)] the 
binuclear species 3.57 was obtained in 91% yield. Here 3.52 was found to bridge two 
{AuCl} fragments. The downfield shift [o 87.8 ppm] and the observation of one Au-
Cl stretch at 334 cm"1 were in accord with complexation of3.45. Also observed in the 
IR for (Ph2P)2N( 4-C6f4CH=CH2) 3.52 and all of the complexes 3.53 - 3.57 were 
medium intensity bands in the range 1630 - 1604 cm"1 assigned to v(C=C). One 
representative example was crystallographically determined. 
3.27 X-ray Crystal Structure of [Cu{(Ph2P)2N(4-C6H4CH=CH2)}2]PF6 3.56 
Suitable crystals of [Cu{(Ph2P)2N(4-C6f4CH=CH2)}2]PF6 3.56 were obtained by 
slow diffusion ofEt20 and pet. ether (60- 80 °C) into a CDCh/CH2Ch solution. The 
crystal structure showed the molecule to be a distorted tetrahedral geometry about the 
copper(!) metal centre (Figure 3.15, Table 3.39). The coordination sphere comprised 
of two chelating (Ph2P)2N(4-C6f4CH=CH2) ligands. Similar to 3.20 the CuP2N rings 
are essentially planar and orthogonal to each other. The Cu-P bond distances are 
normal [2.313(2) - 2.319(2) A] and alike to those found in 3.20 [2.2944(12) -
2.3330(12) A]. The P-N-P angles [107.3(4) and 107.5(3)0 ] are similar to those 
observed for 3.20 [106.8(2) and 107.1(2)0 ] and slightly enlarged with respect to that 
found in 3.17 [103.43(8)0 ]. 
Table 3.39 Selected bond lengths (A) and angles e) for [Cu{(Ph2P)2N(4-
C6f4CH=CH2) }2]PF 6 3.56. 
Cu(1)-P(1) 2.319(2) P(l)-N(1) 1.714(4) 
Cu(1)-P(2) 2.313(2) P(2)-N(2) 1.711(4) 
P(l)-Cu(1)-P(IA) 73.02 (9) Cu(l )-P(l )-N (1) 98.9(2) 
P(1 )-Cu(l )-P(2) 130.26(7) Cu(1 )-P(1A)-N(l) 89.41(11) 
P(1 )-Cu(l )-P(2A) 130.08(6) Cu(1 )-P(2)-N(2) 89.6(2) 
P(1A)-Cu(l )-P(2) 130.07(6) Cu(1 )-P(2A)-N(2) 89.08(12) 
P(1A)-Cu(1 )-P(2A) 130.26(7) P(1 )-N(1 )-P(1A) 107.3(4) 
P(2)-Cu(1 )-P(2A) 73.27(10) P(2)-N(2)-P(2A) 107.5(3) 
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Figure 3.15 Crystal structure of [Cu{(Ph2P)2N(4-C6f4CH=CH2)}z]PF6 3.56. 
3.28 Polymerisation of (Ph2P)2N ( 4-C6H4CH=CH2) 3.52 
A recent report highlighted the preparation of fluorous soluble polymer ligands and 
their application as active and selective rhodium based catalysts for fluorous biphasic 
hydroformylation of various olefins.288 In a preliminary polymerisation study, the 
vinyl ligand 3.52 was copolymerised with a fluorinated compound in an attempt to 
make a fluorous soluble fluoropolymer. The polymer 3.58 was prepared by free 
radical copolymerisation of 1H,1H,2H,2H,-perfluorodecylacrylate with 3.52 at 65 °C 
in the presence of AIBN in a,a,a-tri-fluorotoluene (Eqn 3.12). In order to obtain a 
polymer of the required ratio, a ratio of 5:1 acrylate to 3.52 was used. After removing 
the solvent the resultant solid was washed with hot toluene, affording a pale yellow 
solid in 94% yield. The polymer 3.58 was insoluble in normal organic solvents such 
as toluene, acetone or alcohols but highly soluble in the flourinated solvent a,a,a-tri-
fluorotoluene. The 31PeH} NMR spectrum in a,a,a-tri-fluorotoluene (C6D6 insert) 
displayed a singlet at 8(P) 68.6 ppm. The phosphorus content of the polymer 3.58 was 
estimated to be 1.8% by 31PeH} NMR spectroscopy using 
his( diphenylphosphino )methane as internal standard. This value is close to the 
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o=( 
+ 
AIBN ,_. 
D. 
Eqn3.12 
calculated value of2.01% calculated on the basis ofthe monomer ratios. Additionally 
microanalysis results were in good agreement for the molecular weight of the 
monomer ratios. The IR of the polymer showed the disappearance of the C=C 
stretching vibration. A band assigned to the v(C=O) was observed at 1743 cm"1 and 
the band characteristic of v(PN) was still visible at 902 cm-1• Currently no further 
studies have been carried out with this new, potentially catalytically useful fluorous 
soluble material. 
3.29 Conclusions 
In conclusion, a straightforward preparative route to a new range of ether, keto, ester 
and vinyl functionalised bis(phosphino )amines has been demonstrated. In addition it 
has been revealed that our bis(phosphino )amines can readily be oxidised at one or 
both phosphorus atoms to form a P ,S-heterodifunctionalligand or E,E phosphorus(V) 
compounds (E = 0, S, Se). The heterodifunctionalligand provide different soft pOll) 
and S donor centres which have extensive coordination chemistry. The coordination 
chemistry of the ligands with a range of transition-metals has been extensively 
explored. The susceptibility of the P-N bond in complexed (phosphino )amines to 
methanolysis has been exploited. Reaction of some platinum(II) bis(phosphino )amine 
complexes with methanol resulted in clean cleavage of one P-N bond providing direct 
entry to mixed platinum(II) complexes of R2PN(H)R and R2POR ligands or the 
unusual orthometallated platinum(II) complexes 3.48 and 3.49. Furthermore, 
preliminary investigations into the copolymerisation of 3.52 with 1H, 1H,2H,2H,-
perfluorodecylacrylate allowed the synthesis of a new fluorous soluble, polymer 
which may display useful catalytic properties. 
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CHAPTER4 
SYNTHESIS AND COORDINATION CHEMISTRY OF 
NEW MULTIDENTATE 
(PHOSPHINO)AMINE LIGANDS 
4.1 Introduction 
Recently there has been much interest in the chemistry of polydentate phosphorus 
bearing ligands. Compared to monodentate phosphorus ligands, polydentate systems 
have a number of advantages including, an increased nucleophilicity (or basicity) at 
the metal centre, more control of the coordination number, stoichiometry and 
stereochemistry of the resulting metal complexes and useful detailed structural and 
bonding information from phosphorus-phosphorus and metal-phosphorus coupling 
constants in NMR spectra?89 Furthermore interest in highly branched and regularly 
repeating molecular architectures, dendrimers, has emerged as a huge area of 
research. More specifically dendrimers coated with -{PR2}n groups have attracted 
considerable recognition, smce they constitute excellent scaffolds for 
metallodendrimer construction?90,291 There are no examples in which dendrimers are 
terminally coated with -{N(PPh2)2} or -{N(H)PPh2} groups, furthermore few 
examples of smaller simple hi- or poly dentate (phosphino )amines have been 
reported.140 In 1997 Woollins et al. 292 reported the synthesis of the 
bis(phosphino )amines 1.161, 1.162 and a series of chalcogenides I, 11 and Ill. The 
ligand 1.162 was shown to react with [Mo(C0)4(pip)2] and [MCh(cod)] (M= Pt or 
Pd) to form seven-membered-ring complexes 1.167, 1.168 and 1.169. 
pp~ PPh2 E=PP~ Ph2 H I I I p-NOMe HN:o HNXJMe HN:o I '/"' I ~' ~' ~' LM \ ~ P-N HN HN HN Ph2 H I I I 
pp~ pp~ E'=PP~ 
M= Mo, L = (C0)4 1.167 
1.161 1.162 E=E'= S,SI M= Pt, L= C~ 1.168 
E = E' = Se, Se ll M= Pd, L = Cl2 1.169 E= S, E= Se Ill 
Although literature examples of polydentate (phosphino )amines are sparse, numerous 
tridentate and tetradentate phosphines have been documented?89 These phosphines 
can be linear, tripodal or branched (e.g. IV, V, VI). The phosphine 
P~P, ,PP~ 
c=c=c , \ 
p~p pp~ 
IV 
H 
,..c ... 
Me2P ~ PMe2 
p~ 
V VI 
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ligands coordinate to various metal centres to afford mononuclear, binuclear or 
trinuclear complexes with different coordination numbers (four, five and six) and 
different structures [tetrahedral, planar, square pyramidal, trigonal bipyramidal and 
octahedral (e.g. VII, VIII and IX)]. 
VII VIII 
Ph Ph 
1\l/\l/\ 
Me2P P P PMe2 
'\ / 
CO-Mn-CO 
/ ' CO Cl 
IX 
Over the past decade, transition metal complexes of polydentate phosphines have 
attracted much interest for their potential as catalysts. They have been found to be 
efficient catalysts in hydrogenation and hydroformylation reactions.289 
In Chapter 4 the synthesis of new multi dentate (phosphino )amines and their reactivity 
towards a range of late transition metals, including Pt(II), Pd(II), Rh(III), Ir(III), 
Ru(II), Cu(l), Au(I) and Mo(O) are described. In addition the phosphorus(V) 
chalcogenide compounds of selected ligands have also been synthesised. The 
structures of all new compounds have been elucidated by a combination of 
multinuclear NMR spectroscopy, IR spectroscopy, elemental analyses and, in several 
instances, by X-ray crystallography. 
4.2 Synthesis of Bis(phosphino)amines {Ph2PN(H)}2R Ligands 
In preceding chapters the facile synthesis of a range mono-substituted 
(phosphino)amine ligands has been demonstrated (Chapter 2). Surprisingly very few 
examples of di(phosphino )amines in which two amine groups partially been mono-
substituted have been reported.292 Using the same method of P-N bond formation as 
described previously105'256 the new ligands 4.1 and 4.2 were synthesised by reaction of 
2 equivalents ofPh2PCl with 4,4'-diamino-3,3 '-dimethoxybiphenyl4.3 or 0-toluidine 
4.4 (Scheme 4.1). Hence dropwise addition of chlorodiphenylphosphine in diethyl 
ether to a solution of 4.3 (or 4.4) and triethylamine in diethyl ether at 0 oc gave 4.1 
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(i) 
4.1, 4.2 
! (ii) 
4.5, 4.6 
Me 
Me 
4.2 4.5 4.6 
and 4.2 as off-white solids, in reasonable yields (32 and 62%). Two further ligands, 
4.5 and 4.6, were synthesised by reaction of 1,4-diaminobenzene or 1,3-
diaminobenzene with Et3N (in the presence of a catalytic amount of DMAP) with 
Ph2PC1 in thf. The ligands 4.5 and 4.6 were isolated as yellow oils in good yields (80 
and 97%) (Scheme 4.1). In the solid state, 4.1 and 4.2 were air and light stable, in 
contrast 4.5 and 4.6 were moisture and air sensitive and were stored under nitrogen at 
4 °C. Ligands 4.1, 4.2, 4.5 and 4.6 displayed a single phosphorus resonance in their 
31PeH} NMR spectra (in CDCh) at ea. B(P) 28 ppm (Table 4.1), slightly downfield 
compared to the keto, ester and ether ligands 2.1 - 2.4 and 2.65 discussed in Chapter 2 
(Section 2.2 and 2.12). Solutions of 4.1, 4.2, 4.5 and 4.6 in CDCh prepared under 
anaerobic conditions were unstable and decomposed (within 24 h) to Ph2P(O)PPh2 
and Ph2P(O)P(O)Ph2. The 1H NMR spectra displayed a doublet at B(H) 6.7, 5.1, 4.2 
and 4.5 ppm eJ(PH) 8, 7, 5, 8Hz respectively] for 4.1, 4.2, 4.5 and 4.6, assigned to 
the amine proton, indicating the synthesis of only monosubstituted ligands (see 
Chapter 3 for discussion of his-substituted ligands). These amine proton shifts were 
significantly further upfield with respect to 2.1 - 2.4. The IR spectra of 4.1, 4.2, 4.5 
and 4.6 display characteristic weakly absorbing stretching vibrations for v(NH) and 
strong v(PN) stretches (Table 4.2). The positive ion F AB mass spectra gave the 
expected parent ion for all four ligands. In addition, for 4.1 and 4.5, two weak ions 
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Table 4.1 31PeH} and 1H NMRa data for the (phosphino)amines 4.1, 4.2, 4.5 and 4.6. 
Compound 3P 3H (Aromatic) 3H(NH) 'J(PH) 3H(Me) 
4.1 {2-MeC6H3N(H)PPh2h 30.3 7.82-7.26 6.72 8 2.23 
4.2 { 2-MeOC6H3N(H)PPh2h 28.3 7.53-6.74 5.07 7 3.9 
4.5 J,4-{Ph2PN(H)hC6~ 30.1 7.49-6.88 4.16 5 
4.6 J,J-{Ph2PN(H)}2C6~ 26.2 7.52-6.56 4.46 8 
a Spectra measured in CDCh. Chemical shifts [3C1P), [3eH)] in ppm. Coupling 
constants (.f) in Hz. 
corresponding to [M+O] and [M+20] were also observed, indicating these ligands 
readily oxidise in solution to the corresponding phosphorus(V) oxides. 
Table 4.2 Selected IR dataa for 4.1, 4.2, 4.5 and 4.6. 
Compound v(NH) v(OMe) 
4.1 3383 
4.2 3383 2928 
4.5 3080,3065 
4.6 3104 
v(PN) 
896 
884 
903 
891 
a Recorded as KBr pellets for 4.1 and 4.2 and on NaCl discs for 4.3 and 4.4. In cm"1• 
4.3 Platinum(II) Chemistry of 4.1 and 4.2 
Metal containing supramolecules in which square planar complexes of platinum and 
palladium are used as building blocks have attracted interest in recent years. 293·294 
Here the coordination capabilities of the new ligands 4.1 and 4.2 with the platinum 
metal precursor [PtCh(cod)] were investigated. Ligand displacement of cod from 
[PtCh(cod)] with {Ph2PN(H)}2R 4.1 and 4.2 (1:1 stoichiometry) gave cis-
[PtCh{Ph2PN(H)}2R)]2 4.7 and 4.8 in good yields (typically 80%) (Eqn 4.1). The 
formulation of the compounds 4. 7 and 4.8 was based on the available NMR 
spectroscopic data and the positive-ion F AB mass spectrometry results. The 31PeH} 
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X=Me 4.7 
OMe 4.8 
Eqn4.1 
NMR spectra showed a singlet resonance at ea. o(P) 29 ppm flanked by 195Pt satellites 
for both complexes (Table 4.3). The large 1J(PtP) coupling constants, typically of 
3900 Hz, were slightly smaller compared to those values previously found for 2.17 -
2.20 (typically 4000Hz). The 1H NMR spectrum of 4.7 displayed a doublet at o 5.62 
ppm assigned to the amine proton, with a 2 J(PH) coupling of 15 Hz. The amine 
resonance for 4.7 was observed as a broad singlet at o 5.98 ppm, no 2J(PH) coupling 
was observed. The CH3 resonances of the methyl and methoxy groups remain 
unchanged upon coordination compared to the free ligands. The IR spectra display 
bands centred around 3300 cm-1, 930 cm-1 and 300 cm-1, characteristic of v(NH), 
v(PN) and v(PtCl) respectively. Furthermore a band at 2934 cm-1 is observed in theIR 
spectrum of 4.8 characteristic of the C-H vibration of the methoxy moiety (Table 
4.4). The positive-ion F AB mass spectra were in good agreement with the proposed 
structures and gave the correct parent-ion peak [Mt (Experimental section). In 
contrast the synthesis of [CH2{4,4'-(0C)4Mo(Ph2PN(H)C6Rt)2hl and 
Table 4.3 31PeH} and 1H NMR dataa for the platinum complexes 4.7 and 4.8. 
1J(PPt) 
oH 2J(PH) 
oH 
Compound oP oH (NH) 
(Aromatic) (Me) 
4.7 cis-[ {PtCh} { 4.1} h 28.2 3941 7.92-5.73 5.62 15 2.08 
4.8 cis-[ {PtCh} { 4.2} h 29.2 3933 7.90-6.39 5.98 n.o. 3.92 
a Spectra measured in CDCh. Chemical shifts [oC1P), oeH)] in ppm. Coupling 
constants (.J) in Hz. n.o =not observed. 
174 
Table 4.4 Selected IR data8 for 4. 7 and 4.8. 
Compound v(NH) v(OMe) 
4.7 3385, 3323, 3236 
4.8 3363 2934 
a Recorded as KBr pellets. In cm- . 
v(PN) 
921 
943 
v(PtCl) 
311,282 
308,289 
[CH2{4,4'-(0C)4Mo(Ph2PCH2N(H)C6~)2hl necessitates high dilution conditions 
and proceeds in low yields. However, the presence of oligomeric (or polymeric) 
species cannot be entirely eliminated and clearly further investigation is required. 
4.4 Bridge Cleavage Reactions with 4.1, 4.2, 4.5 and 4.6 
Bridge cleavage of the dimers [{MCl(J.t-Cl)(TJ5-CsMes)h] (M = Rh, Ir), [{RhCl(J.t-
Cl)(cod)}2], and [{RuCl(J.t-Cl)(TJ 6-p-MeC6~iPr)}2] with 1 equivalent of 4.1, 4.2, 4.5 
and 4.6 gave the new bimetallic complexes 4.9 - 4.21 (Scheme 4.2). 
4.4.1 Synthesis and characterisation of [{RhCh(TJ5-CsMes)h{Ph2PN(H)}2R] 4.9 
-4.12 
Reaction of 4.1, 4.2, 4.5 and 4.6 with [{RhCl(J.t-Cl)(TJ5-CsMes)h] in CH2Ch at room 
temperature gave [{RhCh(TJ5-CsMe~)h{Ph2PN(H)}2R}] 4.9- 4.12 as red solids in 
good yields (77, 94, 97 and 87% respectively). The 31P{ 1H} NMR spectra of 4.9-
4.12 displayed a doublet at ea. o(P) 60 ppm, downfield with respect to the free ligands 
and a 1J(PRh) coupling of ea.l45 Hz (Table 4.5). The 31PeH} NMR spectrum of 4.9 
displayed two sets of closely spaced doublets at o(P) 59.9 and 59.6 ppm eJ(RhP) 147 
and 148Hz] in a ratio of 14:1. Analysis of the filtrate from this reaction by 31PeH} 
NMR displayed two doublets at an identical o(P) and with similar rhodium 
phosphorus couplings, in a ratio of 1 :2. These two sets of doublets are tentatively 
assigned as two rotamers of 4.9, with the rotamer observed slightly upfield at o(P) 
59.6 ppm eJ(RhP) 148 Hz] identified as the more soluble one. This feature is not 
apparently observed in 4.10. The phosphorus NMR shifts of 4.9-4.12 have a smaller 
1 J(RhP) coupling than observed for the rhodium complexes 2.34 - 2.37 discussed 
previously [ea. o(P) 55 ppm 1J(PRh) 155Hz] (Chapter 2, Section 2.8.1). The 1H 
175 
;Y 
n~ Tft'L""~R~l 
Cl Cl Cl Cl 
R= 
[ {RhCh(TJ5-CsMes) }2{(Ph2PN(H))2R}] 
[ {RhCl(cod)}2{(Ph2PN(H))2R}] 
[ {IrCh( TJ5 -CsMes) h {(Ph2PN(H) )2R}] 
[{RuCh(TJ6-p-MeC6H/Pr)}2{(Ph2PN(H))2R}] 
4.9 
4.13 
4.17 
4.19 
M A z..J>-~___..L--,ru.-o 
Cl Cl y 
Me OMe 
9 ~ 
Me OMe 
4.10 4.11 4.12 
4.14 4.15 4.16 
4.18 
4.20 4.21 
Scheme 4.2 Reactions of {Ph2PN(H)}zR with (i) [{RhCl(J.t.-Cl)(TJ5-CsMes)h] 
(ii) [ {RhCl(J.t.-Cl)( cod) h] (iii) [ {lrCl(J.t.-Cl)( TJ 5 -CsMes) h] or 
(iv) [ {RuCl(j..t-Cl)( TJ 6 -p-MeC6H/Pr)} 2] in CH2Ch. 
NMR spectra of 4.9 - 4.12 showed a doublet at ea. 8(H) 1.40 ppm [4J(PH) range 2 - 4 
Hz] for the TJ 5-C5Me5 ancillary ligand (Table 4.6). The IR spectra of 4.9 - 4.12 
displayed weakly absorbing N-H vibrations and medium intensity v(PN) stretches 
(Table 4.7). The FAB mass spectra gave the anticipated parent ion [Mt for all four 
rhodium complexes, and for 4.11 and 4.12 the expected [M-Clt fragment was also 
observed. 
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Compound oP J(RhP) 
4.9 [{RhCh(rt5-CsMes)h{4.1}] 59.9, 59.6 147, 148 
4.10 [{RhCh(rt5-CsMes)h{4.2}] 56.8 148 
4.11 [{RhCh(rt5-CsMes)h{4.5}] 60.8 140 
4.12 [{RhCh(rt5-CsMes)h{4.6}] 62.4 145 
a Spectra measured in CDCh. Chemical shifts [oe1P)] in ppm. Coupling constants (J) 
inHz. 
4.4.2 X-ray crystal structures of 4.9, 4.10 and 4.12 
Of the four rhodium complexes synthesised, three illustrative examples were 
characterised by X-ray crystallography. The molecular structures of [{RhCh(rt5-
CsMes)h{4.1}] 4.9 (Fig. 4.1), [{RhCh(rt5-CsMes)h{4.2}] 4.10 (Fig. 4.2) and 
[{RhCh(rt5-C5Mes)h{4.6}] 4.12 (Fig. 4.3) confirmed bimetallic complexes in which 
the ligands 4.1, 4.2 and 4.6 P,P'-bridge two {RhCh(rt5-CsMes)} metal fragments. 
Selected bond lengths and angles for 4.9, 4.10 and 4.12 are collected in Table 4.8. The 
X-ray crystal structures of 4.9 and 4.10 both possess a crystallographic axis of 
symmetry. The Rh-P [Rh(1)-P(l) 2.312(3) for 4.9, Rh(1)-P(1) 2.3030(18) for 4.10 
and Rh(1)-P(1) 2.3192(12), Rh(2)-P(2) 2.3191(13) A for 4.12] and Rh-Cl [Rh(1)-
Cl(l) 2.383(3) and Rh(1)-Cl(2) 2.414(4) for 4.9, Rh(1)-Cl(l) 2.3909(18) and Rh(1)-
Cl(2) 2.420(2) for 4.10, Rh(l)-Cl(1) 2.3858(13) and Rh(l)-Cl(2) 2.4373(13); Rh(2)-
Cl(3) 2.4285(12) and Rh(2)-Cl(4) 2.3889(12) A for 4.12] are similar for all three 
structures and compare well to those observed for 2.36 - 2.38. There is also an 
intramolecular N-H···Cl hydrogen bond in all three crystal structures between the 
N-H proton and one of the chloride ligands coordinated to the rhodium metal centre 
[N(1)--·Cl(2) 3.193 A H(1)···Cl(2) 2.21 A; N(1)-H(1)-··Cl(l) 140° for 4.9, N(l)-··Cl(2) 
3.18 A H(l)···Cl(l) 2.71 A; N(1)-H(1)-··Cl(1) 115° for 4.10 and N(l)-··Cl(2) 3.10 A 
H(1)--·Cl(2) 2.58 A; N(l)-H(l)-··Cl(1) 119°; N(2)-··Cl(3) 3.12 A H(1)-··Cl(2) 2.57 A; 
N(1)-H(1)-··Cl(l) 123° for 4.12]. 
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Table 4.6 1H NMR dataa for the rhodium, iridium and ruthenium complexes 4.9-4.17 and 4.19- 4.21. 
8H 2J(PH) 8H 4J(PH) 8H (cod) 8H (MeC6~;Pr) Compound 8H(NH) 8H(Me) 
(1') 5-CsMes) C6~. CH (b), 2CH3 (b) (Aromatic) range Me, 
4.9 8.02-6.04 6.06 12 2.26 1.38 4 
4.10 8.01-6.44 6.14 8 3.84 1.41 2 
4.11 7.84-5.82 5.75 12 1.35 3 
4.12 7.82-6.06 5.69 11 1.35 4 
...... 4.13 7.87-6.76 6.36 9 2.28 2.96-1.58 
.....:J 
00 4.14 7.87-6.53 6.27 7 3.87 3.01-1.63 
4.15 7.72-6.21 6.39 13 2.95-1.61 
4.16 7.72-6.51 5.93 16 2.93-1.52 
4.17 7.92-6.26 6.19 8 2.27 1.37 2 
4.19 7.98-6.09 5.82 13 2.25 1.83, 5.27-5.09, 2.59 (7), 0.82 (7) 
4.20 7.80-6.00 5.95 n.o. 1.81, 5.21-5.08, 2.55 (6), 0.87 (6) 
4.21 7.82-6.27 5.78 8 1.81, 5.20-5.07, 2.55 (7), 0.82 (7) 
a Spectra measured in CDCb. Chemical shifts [8CH)] in ppm. Coupling constants (.!) in Hz. n.o = not observed. 6 J(HH) couplings in 
parenthesis. 
Table 4. 7 Selected IR data a for the rhodium complexes 4.9 - 4.12. 
Compound v(NH) v(OMe) 
4.9 3321 
4.10 3286 2910 
4.11 3293,3238 
4.12 3273 
a Recorded as KBr pellets. In cm- . 
Figure 4.1 X-ray crystal structure of 
[{RhCh(l15-CsMes)}z{4.1}] 4.9. 
179 
v(PN) 
925 
923 
921 . 
994 
Figure 4.2 X-ray crystal structure of 
[{RhCh(r{CsMes)h{4.2}] 4.10. 
Figure 4.3 X-ray crystal structure of 
[{RhCh(115-CsMes)h{4.6}] 4.12. 
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Table 4.8 Selected bond lengths (A) and angles CO) for the rhodium complexes 4.9, 
4.10 and 4.12. 
4.9 4.10 4.12 
Rh(l)-Cl(1) 2.383(3) 2.3909(18) 2.3858(13) 
Rh(1 )-Cl(2) 2.414(4) 2.420(2) 2.4373(13) 
Rh(2)-Cl(3) 2.4285(12) 
Rh(2)-Cl(4) 2.3889(12) 
Rh(1)-P(1) 2.312(3) 2.3030(18) 2.3192(12) 
Rh(2)-P(2) 2.3191(13) 
P(1)-N(1) 1.688(8) 1.674(6) 1.667(3) 
P(2)-N(2) 1.667(3) 
Rh(1 )-C range 2.16(1 )-2.22(1) 2.156(7)-2.218(7) 2.159(4)-2.211(4) 
Rh(2)-C range 2.150( 4)-2.227( 4) 
Cl(1 )-Rh(1 )-P(l) 86.3(1) 90.47(6) 86.04(4) 
Cl(2)-Rh(1 )-P(1) 90.5(1) 86.25(6) 89.95(4) 
Cl(3)-Rh(2)-P(2) 90.70(4) 
Cl( 4)-Rh(2)-P(2) 86.27(5) 
Cl(l )-Rh(1 )-Cl(2) 90.6(1) 90.64(7) 88.95(5) 
Cl(3)-Rh(2)-Cl( 4) 89.88(5) 
Rh(1)-P(1)-N(1) 107.0(3) 108.0(2) 108.51(13) 
Rh(2)-P(2)-N(2) 109.94(13) 
4.4.3 Synthesis and characterisation of [{RhCI(cod)}2{Ph2PN(H)}2R] 4.13-4.16 
Bridge cleavage of [ {RhCl(J.t-Cl)( cod) }2] with 1 equivalent of 4.1, 4.2, 4.5 or 4.6 in 
CH2Ch at room temperature gave the new bimetallic complexes 4.13- 4.16 as air 
stable, orange solids in good yields (ea. 80%). The 31PeH} NMR spectra displayed a 
doublet at ea. o(P) 55 ppm for all four complexes (Table 4.9), downfield with respect 
to the free ligands, but upfield compared to the rhodium(III) complexes 4.9 - 4.12. 
The 1J(RhP) coupling of 155Hz is slightly larger than the coupling observed for 4.9-
4.12. The small differences in chemical shift and 1J(RhP) couplings may be attributed 
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to the different ancillary ligands (115-CsMes vs cod), oxidation state of the rhodium 
centre (Ill vs I) or a combination of other factors. The 1 H NMR spectra display a 
doublet in the range B(H) 6.36- 5.93 ppm with 2J(PH) coupling of 9 - 16 Hz, and 
assigned to the amine proton. The 1H NMR resonances of the ancillary cod ligand are 
poorly resolved in the 1H NMR (Table 4.6). Assignment of the IR spectra confirmed 
the presence ofNH and PN absorptions, and for 4.14 a band in accord with the OMe 
group was also observed (Table 4.1 0). The positive-ion F AB mass spectrum gave the 
correct parent-ion peaks [Mt and the appropriate [M-Clt fragments were also 
observed. 
Table 4.9 31PeH} NMR dataa for [{RhCl(cod)}2{(Ph2PN(H))2R}] 4.13- 4.16. 
Compound BP J(RhP) 
4.13 [{Rh Cl( cod) h { 4.1}] 56.0 157 
4.14 [{RhCI(cod)}2{4.2}] 55.6 158 
4.15 [{Rh Cl( cod)} 2 { 4.3}] 57.7 158 
4.16 [ {RhCl( cod) h { 4.4}] 55.9 158 
a Spectra measured in CDCh. Chemical shifts [oC1P)] in ppm. Coupling constants (.J) 
inHz. 
Table 4.10 Selected IR dataa for the rhodium complexes 4.13- 4.16. 
Compound v(NH) v(OMe) v(PN) 
4.13 3251 917 
4.14 3230 2878 923 
4.15 3215 909 
4.16 3225 996 
a Recorded as KBr pellets. In cm· . 
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4.4.4 Synthesis and characterisation of [{IrCh(Tt5-CsMes)h{Ph2PN(H)}2R] 4.17 
and 4.18 
The [{lrCh(115-CsMes)h{Ph2PN(H)hR] complexes 4.17 and 4.18 were prepared 
from [{IrCl(J.!-Cl)(T)5-C5Me5)h] and isolated in the same manner as for the 
rhodium(III) analogues 4.9- 4.12. The 31P NMR spectrum of 4.17 displayed a single 
resonance at 8(P) 27.4 ppm. For 4.18 the 31P NMR spectrum displayed a major 
species at 8(P) 23.6 ppm (assigned as 4.18) with a second minor species, as yet 
unassigned, at 8(P) 38.1 ppm. The 1H NMR spectra of 4.17 showed a doublet at 8(H) 
1.37 ppm ~ J(PH) 2Hz] for the T)5-CsMes ancillary ligand, this compares well with 
the rhodium analogue 4.9 [8(H) 1.38 ppm, 4J(PH) 4 Hz]. The methyl resonance 
remains unchanged upon coordination (Table 4.6). From the IR spectrum of 4.17 we 
can identify v(NH) at 3334 cm-1 and v(PN) at 925 cm-1• The positive-ion F AB mass 
spectrum gave the correct parent-ion peak at mlz 1376 [Mt. 
Figure 4.4 X-ray crystal structure of[{IrCh(T)5-CsMes)h{4.2}] 4.18. 
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4.4.5 X-ray crystal structure of 4.18 
Suitable crystals of [{lrCh(115-CsMes)h{4.2}] 4.18 were obtained by allowing Et20 
to vapour diffuse into a CDCh solution. The crystal structure showed a bimetallic 
iridium complex in which two {lrCh(115-CsMes)} metal fragments are P,P' bridged 
by 4.2. Each of the two iridium centres display the classic three legged "piano stool" 
geometry formed by the 115 -C5Me5 ligands and the three legs are the two chlorides and 
the phosphorus donor atom of 4.2. Within 4.18 the Ir-P [Ir(1)-P(1) 2.283(3) and 
Ir(2)-P(2) 2.293(3) A] and Ir-Cl distances [Ir(l)-Cl(1) 2.283(3) and lr(l)-Cl(2) 
2.402(3) A; Ir(2)-Cl(3) 2.393(3) and lr(2)-Cl(4) 2.414(3) A] are similar for both 
metal fragments. The amine protons of the ligand and the coordinated chlorides are 
involved in strong intramolecular hydrogen bonding [N(1)-··Cl(l) 3.16 A H(1)···Cl(2) 
2.68 A; N(1)-H(1)-··Cl(1) 115°; N(2)···Cl(3) 3.20 A H(2)-··Cl(3) 2.74 A; N(2)-
H(2)···Cl(3) 114°]. 
Table 4.11 Selected bond lengths (A) and angles CO) for the iridium complex 4.18. 
lr(1)-Cl(1) 2.420(3) lr(2)-P(2) 2.293(3) 
lr(1)-Cl(2) 2.402(3) P(1)-N(1) 1.699(8) 
Ir(2)-Cl(4) 2.393(3) P(2)-N(2) 1.682(9) 
lr(2)-Cl(3) 2.414(3) lr( 1 )-C range 2.170(11 )-2.206(11) 
Ir(l)-P(l) 2.283(3) lr(2)-C range 2.153(13)-2.240(1 0) 
Cl(1 )-Ir(1 )-P(l) 90.25(11) Cl(l )-Ir(1 )-Cl(2) 87.91(11) 
Cl(2)-Ir(1 )-P(1) 86.75(10) Cl( 4)-Ir(2)-Cl(3) 88.55(11) 
Cl( 4 )-Ir(2)-P(2) 86.83(10) Ir(l )-P(l )-N(1) 109.0(3) 
Cl(3)-Ir(2)-P(2) 90.36(10) lr(2)-P(2)-N(2) 109.2(3) 
4.4.6 Synthesis and characterisation of 
MeC6HiPr)}2{(Ph2PN(H))2R}] 4.19- 4.21 
Reaction of 4.1, 4.5 and 4.6 with the ruthenium(II) dimer [{RuCl(J.L-Cl)(116-p-
MeC6H/Pr)h] gave pale red products in good to excellent yields (77, 78 and 98% 
184 
respectively). The 31PeH} NMR data for 4.19-4.21 are collected in Table 4.12 and 
display a single phosphorus resonance around o(P) 55 ppm, a downfield shift of 
approximately 25 ppm with respect to the free ligands. The 1H NMR spectra of 4.19-
4.21 show well resolved distinct resonances for the 116-p-MeC6HiPr ancillary ligand 
(Table 4.6). Furthermore the amine proton was observed at ea. o(H) 5.8 ppm. The 
v(NH) can be identified as a strong band in the region of 3328 - 3144 cm"1, 
characteristic of that seen in 4.9 - 4.16. Moreover v(PN) vibrations are observed 
between 923- 895 cm·1 (Table 4.13). The positive-ion FAB mass spectra displayed 
the expected parent-ion peaks and fragmentation patterns [mlz 1191 [Mt, 1156 [M-
Cl], 1121 [M-2Cl] for 4.19, 1191 [Mt, 1156 [M-Cl], 1121 [M-2Cl] for 4.20 and 1191 
[Mt, 1156 [M-Cl], 1121 [M-2Cl] for 4.21]. 
Table 4.12 31PeH} NMR dataa for [{RuCh(116-p-MeC6H/Pr)}2{(Ph2PN(H))2R}] 
4.19- 4.21. 
Compound oP 
4.19 [ {RuCh(116-p-MeC6!4'Pr) h{ 4.1}] 54.1 
4.20 [ {RuCh(116-p-MeC6!4;Pr)}2{ 4.5}] 56.1 
4.21 [{RuCh(116-p-MeC6H/Pr)}2{4.6}] 54.8 
a Spectra measured in CDC13• Chemical shifts [oe1P)] in ppm. Coupling constants (.J) 
inHz. 
Table 4.13 Selected IR dataa for the ruthenium complexes 4.19- 4.21. 
Compound 
4.19 
4.20 
4.21 
v(NH) 
3328 
3267 
3302,3215,3144 
a Recorded as K.Br pellets. In cm· . 
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v(PN) 
923 
895 
899 
4.5 Gold(I) Complexes of 4.1 and 4.2 
Reaction of {Ph2PN(H)}2R with [AuCl(tht)] in a 1:2 stoichiometry proceeds with 
displacement of tht to give the bimetallic gold(I) compounds [{ClAuPh2PN(H)}2R] 
4.22 and 4.23 as air stable white solids. The complexes exhibit the expected 
spectroscopic and analytical properties. The 31PeH} NMR displayed a singlet 
downfield at ea. o(P) 57 ppm similar to the gold(I) complexes 2.30 - 2.33 discussed 
earlier (Chapter 2). The amine resonances in the 1H NMR were observed at o(H) 4.48 
eJ(PH) not observed] and 5.24 ppm eJ(PH) 5 Hz] for 4.22 and 4.23 respectively 
(Table 4.14). The CH3 resonances ofthe methyl and methoxy functionalities remain 
unchanged upon gold(I) coordination with respect to 4.1 and 4.2. The IR spectra 
display bands around 3364 - 3256 cm"1, 926, 879 cm"1 assigned to v(NH) and v(PN) 
respectively, and for 4.22 a band at 2933 cm"1 was observed characteristic of 
v(CH(oMe))· Furthermore one Au-Cl stretch at 333 and 328 cm"1 was observed for 
4.22 and 4.23 respectively (Table 4.15). 
oH oH 
2J(PH) oH Compound oP 
(Aromatic) (NH) (Me) 
4.22 [{AuC1}2{4.1}] 57.9 7.80-7.02 4.48 n.o 2.26 
4.23 [{AuC1}2{4.2}] 57.1 7.64-6.67 5.24 5 3.90 
a Spectra measured in CDCh. Chemical shifts [oe1P), oCH)] in ppm. Coupling 
constants (.J) in Hz. 
Table 4.15 Selected IR dataa for the gold complexes 4.22 and 4.23. 
Compound v(NH) v(OMe) 
4.22 3256 
4.23 3364, 3279, 3264 2933 
a Recorded as KBr pellets. In cm· . 
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v(PN) 
879 
926 
v(MCl) 
333 
328 
4.6 Orthometallation Studies 
The synthesis of new orthometallated platinum and rhodium complexes of several 
functionalised (phosphino )amines was discussed previously in Chapter 2 (Section 
2.16). In an attempt to synthesise dimetallated compounds the rhodium complexes 4.9 
- 4.12 were reflux:ed in xylenes for up to 9 d. The complexes were refluxed initially 
for 24 hand monitored by 31PeH} NMR spectroscopy, however no orthometallation 
was observed. Further reflux in xylenes and monitoring by 31PeH} NMR for up to 9 
days showed in all cases no evidence for orthometallation. An alternative route of 
employing a halide abstractor was attempted. Treatment of 4.12 with 2 equivalents of 
Ag[BF 4] in CH2Ch gave several new phosphorus containing species shown by 
31PeH} NMR. A doublet at 8(P) 104.0 ppm [1J(RhP) 163Hz] was observed, which is 
tentatively assigned to the dimetallated complex 4.24 (Eqn 4.2). The chemical shift 
and rhodium phosphorus coupling of 4.24 compares favourably to the orthometallated 
rhodium compounds 2.98- 2.100 (Table 2.41, Chapter 2). A similar reaction using 
4.11 was attempted although again no evidence (by 31PeH} NMR) for 
orthometallation was observed. Further studies are needed to explore whether 
dimetallated systems can be prepared. 
+ 
4.12 
4.24 
other 
uncharacterised 
species 
Eqn 4.2 
4.7 Synthesis of the Tridentate (Phosphino)amine 1,4-Ph2PC6H4N(PPh2)2 
Using the general P-N bond forming reaction previously described, the synthesis of 
the new substituted tris(phosphino )amine 4.25 was attempted (Eqn 4.3). The ligand 
was isolated, after work-up, as an air and moisture sensitive yellow oil. The 31PeH} 
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H ... ,..H Q + 2P~PC1 P~P, ,.PP~ Q 
pp~ pp~ 
Eqn4.3 
NMR spectrum of 4.25 showed two resonances at 8(P) 68.1 and 8(P) -6.5 ppm. The 
downfield resonance is assigned to the -N(PPh2)2 moiety, and the upfield resonance 
the -PPh2 group. No J(PP) coupling was observed (at 36.2 MHz) and as expected, the 
upfield resonance was approximately half the intensity of the downfield resonance. 
The positive-ion F AB mass spectrum displayed the expected parent-ion, additional 
peaks corresponding to partial and total oxidation of the ligand were also observed 
(m/z 646 [M]+, 662 [M+O], 672 [M+ 20], 694 [M+ 30]). 
4.8 Synthesis ofTetradentate (Phosphino)amine {(Ph2P)2N}2R Ligands 
The synthesis of the aryl backbone (phosphino )amines 4.26 - 4.30 was achieved by 
reaction of the appropriate diamine starting materials [1,4-(H2N)2C6f4, 1,4-
(H2NCH2)2C6f4, 3,3-(H2NC6f4)2CO, 4,4-(H2NC6Rt)2CO or 4,4-(H2NC6l!t)20] with 
four equivalents of Ph2PC1 in Et20 with NEt3 as base (Eqn 4.4). In the case of 4.26, 
this procedure ofP-N bond formation avoided the use of {(ChP)2NhC6Ht as starting 
P~P, ,PP~ 
~N-R-NHz + 4P~PC1 N-R-N , \ 
p~p pp~ 
R= Q 
0 0 0 
9 
4.26 4.27 4.28 4.29 4.30 
Eqn4.4 
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material which reportedly involves a prolonged reflux and proceeds in a low (13%) 
yield.295 Compounds 4.26 - 4.30 were isolated, after workup, as white or off-white 
solids in excellent yields (77, 96, 97, 83 and 66% respectively). In the solid state 4.26 
- 4.30 were air and light stable, furthermore they were soluble in a range of common 
organic solvents (e.g. CH2Ch, CHCh, thf). The 31PeH} NMR spectra of 4.26, 4.28-
4.30 all display a single phosphorus resonance at ea. o(P) 70 ppm, similar to that 
found for the known system (Ph2P)2NPh [o(P) 68.8 ppm]. Contrastingly the 31PeH} 
NMR spectra of 4.27 displayed a single resonance at o(P) 61 ppm, 10 ppm further 
upfield with respect to the other tetradentate ligands 4.26, 4.28 - 4.30 {Table 4.16). 
This upfield shift is assumed to be a consequence of the alkyl carbon spacer inclusion 
between the amine and phenyl group. The 1H NMR spectra exhibit no NH resonances, 
confirming complete N-H substitution. The IR spectra display a band in the range 929 
- 834 cm"1 characteristic of the single bond character of v(PN) (Table 4.17). 
Additionally 4.28 and 4.29, which posses a carbonyl group, showed a band at 1668 
and 1655 cm"1 respectively typical of a v(C=O) group. The positive-ion FAB mass 
spectra displayed the expected parent-ion peaks for all five ligands. Additionally 
peaks corresponding to partial and total oxidation of the ligands were observed for 
4.26 and 4.29, indicating these ligands readily oxidise in solution [m/z 873 [M]+, 889 
[M+O], 905 [M+20], 921 [M+30], 937 [M+40] for 4.26 mlz 937 [M]+, 953 [M+O], 
969 [M+ 20], 985 [M+ 30], 999 [M+40] for 4.29]. 
oH 
Compound BP oH (C6l4) oH (CH2) 
[-P(C6Hs)2] 
4.26 1, 4-{ (Ph2P)zN}zC6l4 70.2 7.27-7.13 5.99 
4.27 J,4-{(PhzP)2NCH2}2C6l4 60.6 7.31-7.20 6.45 4.38 
4.28 3,3-{(Ph2P)zNC6l4}2CO 69.4 7.42-7.25 6.81, 6.77 
4.29 4,4-{ (Ph2P)zNC6l4}2CO 70.9 7.41-7.21 6.99, 6.98 
4.30 4, 4-{ (Ph2P)2NC6l4 }20 70.2 7.34-7.28 6.47, 6.43 
a Spectra measured in CDCh. Chemical shifts [oe1P), oCH)] in ppm. Coupling 
constants (.J) in Hz. 
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Table 4.17 Selected IR data a for { (Ph2P)2N}2R 4.26 - 4.30. 
Compound v(C=O) v(PN) 
4.26 929 
4.27 863 
4.28 1655 897 
4.29 1668 864 
4.30 834 
a Recorded as KBr pellets. In cm· . 
4.9 Synthesis of {(Ph2P(E))2N}2C6H4 (E = 0, S, Se) 
The synthesis of {(Ph2P(E))2NhC6R. (E = 0 4.31, S 4.32 and Se 4.33) was achieved 
by direct oxidation of 4.26 with a small excess of H202 or stoichiometric quantities of 
elemental sulfur or grey selenium in thf (Eqn 4.5). The chalcogenides 4.31 - 4.33 
E E 
11 11 
P~P, ,.PP~ P~P .... ,.PP~ N N Q H20 2, S8 or grey Se Q E=O 4.31 s 4.32 thf Se 4.33 
p~p,.N'pp~ p~p,.N'pp~ 
11 11 
4.26 E E 
Eqn 4.5 
were isolated after workup as white solids in satisfactory yields, typically 64, 77 and a 
rather low yield of 9% (for 4.33). All three chalcogenides were poorly soluble in 
organic solvents (e.g. CH2Ch, CHCb, C6HsCH3 and thf). The 31P{1H} NMR 
spectrum (in CDCb) of 4.31 displayed a single upfield resonance at 3(Po) 24.8 ppm, 
similar to the chemical shift ofPh2P(O)N(2-C6R.OMe)P(O)Ph2 3.4 [3(Po) 26.0 ppm] 
(Chapter 3 Section 3.3). The 31PeH} NMR spectra of 4.32 (in CDCh) and 4.33 (in 
d6-DMSO) also display single 3(P) resonances with negligible change in 31P chemical 
shift with respect to the free ligand 4.26 (Table 4.18). Furthermore no 1J(PSe) 
satellites were observed in the 31PeH} NMR of 4.33 due to the poor signal to 
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Table 4.18 31PeH} and 1H NMR dataa for the chalcogenides 4.31- 4.35. 
Compound oP(V) oP(In) 2J(PP) 1J(PSe) 3J(PSe) ·oH (-P(C6Hs)z) oH (C6Rt) 
4.31 1, 4-{ (PhzP(O))zNhC6Rt 24.8 7.76-6.97 6.32 
4.32 1, 4- { (PhzP(S) )zNhC6Rt 69.1 7.89-6.95 6.25 
4.33 1, 4- { (PhzP(Se) )zN} zC6Rt 68.6b n.o. 7.98-7.00 6.50 
4.34 1, 4- { (PhzP(S) )(PhzP)NhC6Rt 72.1 53.5 106 7.91-7.07 6.23 
4.35 1, 4- { (PhzP(Se) )(PhzP)NhC6Rt 73.4 54.8 110 768 113 7.92-7.12 6.22 
- a Spectra measured in CDCh. Chemical shifts [oe1P), oCH)l in ppm. Coupling constants (.J) in Hz. \0 ..... 
b Recorded in d6-DMSO. n.o =not observed. 
Table 4.19 Selected IR data8 for the compounds 4.31 - 4.35. 
Compound v(PN) v(P=E) 
4.31 894 1214 
4.32 933 648 
4.33 930 572 
4.34 938 653 
4.35 937 587 
a Recorded as KBr pellets. In cm· . 
noise ratio. In the IR spectra bands in the range 933 to 894 cm"1 representing the 
single bond character of v(PN) were observed. The P=O, P=S, P=Se vibrations for 
4.31- 4.33 were observed at 1214 cm-1, 648 cm"1 and 572 cm"1 respectively (Table 
4.19). The microanalytical data and positive-ion FAB mass spectra obtained were in 
good agreement with calculated values. 
4.10 Synthesis of 1,4-{Ph2P(E)NPPh2}2C6~ (E = S, Se) 
Reaction of J,4-{(Ph2P)2NhC6l4 with Ss or grey Se in a 2:1 stoichiometry in thf 
gave, after workup, the mixed phosphorus(III)/phosphorus(V) compounds J,4-
{Ph2P(E)NPPh2hC6l4 (E = S 4.34 and E = Se 4.35) (Eqn 4.6). Although we were 
unable to obtain 4.34 analytically pure, the 31PeH} NMR spectrum revealed the only 
other phosphorus containing species was J,4-{(Ph2P(S))2NhC6l4 4.32 (in ea. 20% by 
integration of the two phosphorus species). The two compounds 4.34 and 4.35 were 
identified by their 31P{ 1H} NMR spectra. The mixed phosphorus(V)/phosphorus(III) 
P~P ........ PP~ ~ 
p~p .... N'pp~ 
4.26 
S8 or Se, thf 
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E= S 4.34 
Se 4.35 
Eqn 4.6 
sulfide 4.34 displayed the expected AX pattern with one doublet centred at o(P(III)) 
53.5 ppm and the other at o(P(V)) 72.1 ppm eJ(P(In)P(V)) 106Hz]. These phosphorus 
shifts and the 2J(P(III)P(V)) coupling compare well with Ph2P(S)N(2-C6~0Me)PPh2 
3.7 [o(P(III)) 53.1 ppm, o(P(V)) 73.5 ppm, 2J(P(In)P(V)) 104Hz] (Chapter 3, Section 3.5). 
The selenide species 4.35 displayed two doublets, each with 77 Se satellites. The 
phosphorus(III) resonance was observed at o(P(In)) 54.8 ppm and the phosphorus(V) 
resonance at o(P(V)) 73.4 ppm. Two sets of selenium satellites were observed, namely 
1J(P(V)Se) and 3J(P(In)Se) rtJ(P(V)Se) 768 Hz, 3J(P(In)Se) 113 Hz]. The 2J(P(III)P(V)) 
coupling of 110 Hz was slightly larger than that observed for the sulfide 4.34 
eJ(P(In)P(V)) 104Hz]. From theIR spectra of 4.34 and 4.35 the v(PN) absorption was 
identified at ea. 938 cm-1, and bands assigned to v(PS) and v(PSe) were observed at 
653 cm"1 and 587 cm"1 respectively (Table 4.19). The positive-ion FAB mass spectral 
data gave the expected parent ion peaks mlz 909 [Mt for 4.34 and m/z 1004 [Mt for 
4.35. 
4.11 X-ray Crystal Structure of 4.35 
Suitable crystals of 4.35 for X-ray crystallography were obtained by layering a CDCh 
solution with Et20 and pet. ether (b.p. 60 - 80 °C). The molecular structure of 4.35 
(Fig. 4.5 and Table 4.20) was largely as anticipated, with two of the four phosphorus 
atoms oxidised by selenium. The P=Se bond length [2.0960(6) A] was similar to those 
observed for {Ph2P(Se)NPPh2h [2.120(2) and 2.111(2) A] and c6~{NHP(Se)Ph2h 
[2.081(6) and 2.107(5) A]. The two P-N bonds are of significantly different lengths, 
P(1)-N(1) 1.6975(16) and P(2)-N(1) 1.7538(15) A. The P(1)-N(1) bond [Ph2P(Se)-
N] is similar to those observed in {Ph2P(Se)}2NH [1.678(4) and 1.686(3) A] which 
exists in the solid state as a N-H···Se hydrogen bonded dimer pair90 and 
Table 4.20 Selected bond lengths (A) and angles CO) 4.35. 
P(1)-N(l) 
P(2)-N(1) 
Se(1)-P(1)-N(1) 
1.6975(16) 
1.7538(15) 
116.09(6) 
P(1)-Se(l) 
P(l)-N(1)-P(2) 
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2.0960(5) 
117.31(9) 
Figure 4.5 X-ray crystal structure of 1,4-{Ph2P(Se)NPPh2hC6!-4 4.35. 
shorter than those observed for {Ph2P(Se)}2N(2-C6H40Me) 3.6 [1.727(2) and 
1.725(2) A] (Chapter 3, Section 3.4). The P-N-P bond angle is contracted with 
respect to 3.6 [124.77(10)0 ] and {Ph2P(Se)}2NH [132.3(2)0 ]. 
4.12 Reaction of {(Ph2P)2N}2R with [MX2(cod)] (M= Pt, Pd and X= Cl, Me) 
Reaction of 4.26 - 4.30 with [MX2(cod)] (M = Pt, Pd; X = Cl, Me) in a 1:2 
stoichiometry gave the square planar complexes 4.36-4.47 (Eqn 4.7). 
4.12.1 Synthesis and characterisation of [ {PtCh(Ph2P)2N}2R] 4.36 - 4.40 
Ligands 4.26-4.30 react with 2 equivalents of [PtCh(cod)] in CH2Ch to afford white 
solids 4.36-4.40 in high yields (ea. 85%). The platinum(II) complexes 4.36 and 4.37 
were poorly soluble in organic solvents and consequently NMR spectra were recorded 
in d6-DMSO. The 31PeH} NMR spectra of 4.37- 4.40 displayed a single resonance 
40 ppm upfield with respect to the free ligands 4.27-4.30 and showed typical 1J(PPt) 
couplings (Table 4.21). The 31PeH} NMR spectrum of 4.36 displayed a single 
resonance flanked by 195Pt satellites only 10 ppm upfield with respect to the free 
ligand 4.26 and showed a larger 1J(PPt) coupling than observed for 4.37- 4.40 
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R= 
P~P, ,PP~ 
N-R-N 
I ' p~p pp~ 
9 ~ 0 
4.26 4.27 4.28 
~(cod)] 
C~Cl2 
4.29 4.30 
X. /P?~ ,P~~,X 
M N-R-N M 
• ' I \ ' ' 
X pp~ PP~ X 
R = 4.26, M = Pt, X = Cl, 4.36 
R = 4.27, M = Pt, X= Cl, 4.37 
R = 4.28, M = Pt, X = Cl, 4.38 
R = 4.29, M = Pt, X= Cl, 4.39 
R = 4.30, M = Pt, X = Cl, 4.40 
R = 4.26, M= Pt, X= Me, 4.41 
R = 4.30, M = Pt, X = Me, 4.42 
R = 4.26, M = Pd, X = Cl, 4.43 
R = 4.27, M= Pd, X= Cl, 4.44 
R = 4.28, M = Pd, X = Cl, 4.45 
R = 4.29, M = Pd, X = Cl, 4.46 
R = 4.30, M = Pd, X = Cl, 4.47 
Eqn 4.7 
[3(P) 53.2 ppm 1J(PPt) 3860 Hz]. The IR spectra displayed two distinct v(PtCl) 
stretches in the range 315-284 cm"1 and bands in the range 978-904 cm"1 which are 
assigned to v(PN). A v(C=O) stretch was observed at 1622 and 1597 cm"1 for 4.38 and 
4.39 respectively (Table 4.22). The microanalytical data were in good agreement with 
calculated values and the positive-ion F AB mass spectra gave the correct parent ion 
peak (Experimental Section). 
Table 4.21 31PeH} and 1H NMR dataa for 4.36- 4.40. 
1J(PPt) 
3H 3H 
Compound 3P 
(P-(C6Hs)2) (CH2) 
4.36 J,4-{(PtCh)(Ph2P)2NhC6!4 53.26 3860 7.76-7.38 
4.37 1, 4- { (PtCh)(Ph2P)2NCH2hC6!4 23.9b 3273 7.69-7.50 4.22 
4.38 [(3,3-{(PtCh)(Ph2P)2NC6!4hCO] 23.4c 3330 7.89-6.61 
4.39 [(4,4-{(PtCh)(Ph2P)2NC614hCO] 21.9c 3324 7.87-6.78 
4.40 [(4,4-{(PtCh)(Ph2P)2NC6!4h0] 23.8c 3335 7.84-6.34 
a Chemical shifts [3e1P), 3CH)J in ppm. Coupling constants(.!) in Hz. 6 Recorded in 
d6-DMSO. c Recorded in CDCh. 
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Table 4.22 Selected IR data8 for the compounds 4.36- 4.40, and 4.42- 4.47. 
Compound v(C=O) v(PN) v(MCI) 
4.36 917 291,284 
4.37 978 310,295 
4.38 1622 919 315,292 
4.39 1597 904 314,293 
4.40 951 314,289 
4.42 892 
4.43 922 286,264 
4.44 972 292 
4.45 1661, 1655 908 311,290 
4.46 1596 906 304,292 
4.47 950 306,289 
8 Recorded as KBr pellets. In cm· . 
4.12.2 Synthesis and characterisation of [{PtMe2(Ph2P)2N}2R] 4.41 and 4.42 
Analogous to 4.36-4.40 ligand displacement of cod from [Pt(CH3)2(cod)] with 4.26 
or 4.30 in CH2Ch gave J,4-{(PtMe2)(Ph2P)2N}2C6~ 4.41 and [(4,4-
{(PtMe2)(Ph2P)2NC6~h0] 4.42. The 31PeH} NMR spectra display single 
resonances at o(P) 51.4 and 52.5 ppm respectively, with a smaller 1J(PtP) coupling 
[1J(PtP) 1570 Hz for 4.41 and 1J(PtP) 1577 Hz for 4.42] than observed for the 
platinum(II) chloride complexes 4.36- 4.40. The sythesis of 4.41 was performed in 
situ and no attempts to isolate a solid were made. The 195PteH} NMR spectrum (in 
CDCh) of 4.42 displayed a triplet at o(Pt) -4160 ppm, similar to the value recorded 
for [{(PtMe2)(Ph2P)2}N(2-C6~0Me)] 3.16 [o(Pt) -4170 ppm]. The 1H NMR of 4.42 
displayed resonances attributed to the platinum bound methyl ligands at o(H) 0. 78 
ppm with 2J(PtH) and 3J(PH) couplings of 74 Hz and 12 Hz respectively, the 
aromatic resonances were observed at o(H) 7.66 - 6.27 ppm. The IR spectrum of 4.42 
displayed a band at 892 cm-1 indicative of single P-N bond character (Table 4.22). 
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4.12.3 Synthesis and characterisation of [{PdCh(Ph2P)2NhR] 4.43- 4.47 
The complexes [{PdCh(Ph2P)2NhR] 4.43- 4.47 were prepared using [PdCh(cod)] 
and isolated in the same manner as for the platinum(II) analogues 4.36 - 4.40 (Eqn 
4.7). Compounds 4.43-4.47 were isolated as yellow solids in good yields (ea. 85%). 
The 31PeH} NMR spectra displayed a single resonance at b{P) 49.0 ppm for 4.43 and 
in the range b{P) 33 - 38 ppm for 4.44 - 4.47 (Table 4.23). The chemical shift 
observed for 4.43 was 10 ppm further up field in comparison to 4.44 - 4.47 and similar 
to that seen for the platinum(II) chloride complexes 4.36 - 4.40. The IR spectra 
displayed bands in the range 1661- 1596 cm-I, 972-908 cm-1 and 311-264 cm-1, 
characterised as v(C=O), v(PN) and v(PdCl). The IR spectrum of 4.44 displayed only 
one broad, unresolved v(PdCl) vibration, compared to the other palladium complexes 
which displayed two distinct absorptions (Table 4.22). The positive-ion F AB mass 
spectra gave either the expected parent ion [.Mt or [M-Cl] for each of the five 
palladium complexes. 
bH bH 
Compound bP 
(-P(C6Hs)2) (CH2) 
4.43 1, 4-{ (PdCh)(Ph2P)2NhC6f4 49.06 7.80-6.18 
4.44 1, 4-{ (PdCh)(Ph2P)2NCH2hC6f4 32.7b 7.78-7.27 4.33 
4.45 [(3,3-{(PdCh)(Ph2P)2NC6f4}2CO] 37.0c 7.88-6.72 
4.46 [( 4, 4-{ (PdCh)(Ph2P)2NC6f4 }2CO] 35.9c 7.89-6.83 
4.47 [ ( 4, 4- { (PdCh)(Ph2P)2N C6f4 }20] 37.9c 7.86-6.37 
a Chemical shifts [be1P), bctH)J in ppm. 6 Recorded in d6-DMSO. c Recorded in 
CDCh. 
4.13 Gold(I) Complexes of 4.28 - 4.30 
All complexes of 4.26 - 4.30 described so far contain a P,P-chelating ligand. In order 
to probe whether other coordination modes exist, reaction of 4 equiv. of [AuCl(tht)] 
with 4.28-4.30 gave the tetranuclear complexes [{(ClAuPh2P)2N}2R] 4.48-4.50 in 
ea. 90% yield (Eqn 4.8). The complexes exhibit a single, sharp resonance, in their 
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Cl Cl 
I I 
Au Au 
I I 
P~P, ,PP~ 
N-R-N 
4 [AuCl(tht)] 
,.. 
I ' P~lf JfP~ 
Au Au 
I I 
Cl Cl 
R= 
0 0 
-Q-o-Q-
4.48 4.49 4.50 
Eqn 4.8 
31PeH} NMR spectra (in CDCh) at around o(P) 87 ppm (Table 4.24). From theIR 
spectra the v(PN) bands were observed in the range 925- 904 cm-1 and for 4.47 and 
4.48 a v(C=O) vibration at 1610 and 1664 cm-1 respectively. Finally a strong v(AuCl) 
band was observed around 330 cm-1 (Table 4.25) and is characteristic for [AuCl(PR3)] 
complexes. The microanalytical data obtained for 4.48 - 4.50 were in good agreement 
with calculated values (Experimental Section). 
Compound oP oH (P-(C6Hs)z) oH (C6l!t) 
4.48 [ { 3-(ClAuPhzP)zNC6RthCO] 87.1 7.61-7.26 6.84, 6.58 
4.49 [ { 4-(ClAuPhzP)zNC6RthCO] 87.1 7.66-6.96 6.49-5.59 
4.50 [ { 4-(ClAuPhzP)zNC6l4 }20] 87.3 7.65-7.37 6.26-6.10 
a Spectra measured in CDCh. Chemical shifts [oe1P), oCH)] in ppm. 
Table 4.25 Selected IR dataa for 4.48 - 4.50. 
Complex v(C=O) v(PN) v(MCl) 
4.47 1610 925 321 
4.48 1664 907 333 
4.49 904 334 
a Recorded as KBr pellets. In cm· . 
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4.14 Molybdenum(O) Complexes of 4.26 and 4.27 
The molybdenum(O) tetracarbonyl complexes 4.51 and 4.52 were prepared by 
treatment of [Mo(C0)4(nbd)] with 0.5 equiv. of either 4.26 or 4.27 in CH2Ch (Eqn 
4.9). In the 31PeH} NMR spectra a single downfield resonance at ea. o(P) 95 ppm 
was observed and in a similar region to that found for the mononuclear complex 
[Mo(C0)4{(P,P-Ph2P)2NPh}] 4.53 [o(P) 94.4 ppm] (Table 4.26). 
ph p pp~ ~~ ' / 
N 'l_L/\____rxN p~p' l~Jn 'pp~ 
~ [Mo(COJ.(nbd)] 
pph pph 
n = 0 4.26 
n = 1 4.27 
/ ,~~ / '~ 
(C0)4Mo, ,N'l_L/\____rxN, ,Mo(C0)4 
. pp~ l~Jn pp~ 
n = 0 4.51 
n = 1 4.52 
Eqn 4.9 
The IR spectra of 4.51 and 4.52 show four intense v(CO) bands, typically in the 
region 2019- 1824 cm-1, consistent with a cis tetracarbonylmolybdenum fragment 
(Table 4.27).140 The positive-ion F AB mass spectra for 4.51 and 4.52 each showed the 
molecular ion peak at mlz 1261 (for 4.51) and 1289 (for 4.52). 
oH oH oH 
Compound oP 
(-P(C6Hs)2) (C6~) (CH2) 
4.51 [J,4-{Mo(C0)4(Ph2P)2N}2C6~] 95.2 7.43-7.21 6.02 
4.52 [J,4-{Mo(C0)4(Ph2P)2NCH2}2C6~] 95.8 7.44-7.25 5.82 3.92b 
a Spectra measured in CDCh. Chemical shifts [oC1P), <>CH)] in ppm. 6 3 J(PH) 20 Hz. 
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Table 4.27 Selected IR data a for 4.51 and 4.52. 
Compound 
4.51 
4.52 
v(C=O) 
2019, 1929, 1902, 1824 
2016, 1921, 1894, 1878 
a Recorded as KBr pellets. In cm· . 
4.15 X-ray Crystal Structure of 4.52 
v(PN) 
936, 911 
983 
Crystals of 4.52 suitable for X-ray crystallography were obtained by slow diffusion of 
Et20 and petroleum ether (b.p. 60-80 °C) into a CDCh/CH2Ch over several days. The 
structure confirms the binuclear arrangement with two cis Mo(C0)4 metal fragments 
P,P-ligated by the tetradentate ligand 4.27. The molecule is situated across an 
inversion centre. The four-membered Mo-P-N-P ring is non planar [the dihedral 
angle between the Mo(l)-P(1)-P(2) and P(l)-N(1)-P(2) planes is 15.7°] and roughly 
symmetrical. Within the metalloring the Mo-P and P-N bond distances are 
comparable to those previously reported.14° Furthermore the Mo-C bond lengths trans 
to 4.27 [both 2.00(2) A] are marginally shorter than Mo(1)-C(3) [2.047(2) A] and 
Mo(1)-C(4) [2.037(2) A] indicating roughly similar back-bonding properties. The 
axial CO ligands are slightly distorted [C(3)-Mo(1 )-C( 4) 172.02(9)0 ] and are as 
expected if substantial intragroup repulsions exist between C(3 )-0(3 )/C( 4 )-0( 4) and 
Table 4.28 Selected bond lengths (A) and angles CO) for 4.52. 
P(1)-N(1) 1.7176(17) Mo(l)-P(l) 2.5185(6) 
P(2)-N(1) 1.7082(18) Mo(l)-P(2) 2.4940(6) 
Mo(1)-C range 2.000(2)- 2.047(2) 
Mo(l)-P(1)-N(l) 93.81(6) P(1)-Mo(l)-P(2) 65.136(18) 
Mo(l)-P(2)-N(l) 94.91(6) P(l)-N(1)-P(2) 103.93(9) 
C-Mo(l )-C range 83.68(9)-172.09(9) 
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Figure 4.6 X-ray crystal structure of [J,4-{Mo(C0)4(Ph2P)2NCH2}C6Rt] 4.52. 
two phenyl groups of the coordinated ligand 4.27. Crystals of 4.51 have also been 
isolated but the poor crystal quality precluded an accurate structure determination. 
Nevertheless the refinement again clearly indicates that the gross structure comprises 
a binuclear structure with two Mo(C0)4 moieties linked via a bridging J,4-
{Ph2P)2NhC6Rt ligand. 
4.16 Synthesis and Characterisation of {Ph2PN(H)CH2CH2SCH2}4C6H2 
Using the alternative method of P-N bond formation discussed in Chapter 2 (Section 
2.12), {Ph2PN(H)CH2CH2SCH2}4C6H2 4.54 was obtained by reaction of the 
tetraamine precursor J,2,4,5-{H2NCH2CH2SCH2}4C6H2 4.55296 and 4 equiv. of 
Ph2PCl in thf, with a catalytic amount of DMAP and Et3N as base (Scheme 4.3). The 
31PeH} NMR spectrum showed a major phosphorus containing species assigned as 
4.54 (ea. 80%) [8(P) 41 ppm] whilst the minor species was the octadentate ligand 
{(Ph2P)2NCH2CH2SCH2}4C6H2 4.56 [8(P) 62 ppm] (see Section 4.18). No attempts to 
purify this material have so far been persued. The 1H NMR spectrum of 4.54 showed 
a broad singlet at 8(H) 9.05 ppm assigned to the amine proton. The IR spectrum 
showed an v(NH) absorption at 3281 cm"1 and v(PN) at 843 cm-1• 
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Cl Cl 
I I 
Au Au 
I I 
PPh PPh2 1 2 I H'N't fN'H 
s~s 
H. fS~S'tN.H 
~ I 
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Au Au 
I I 
Cl Cl 
4.59 
Scheme 4.3 (i) Ph2PCl, Et3N, DMAP, thf(ii) [{RuCl(J.t-Cl)(116-p-MeC6HiPr)}2] 
(iii) [{RhCl(J.t-Cl)(115-CsMes)h] or (iv) [AuCl(tht)] in CH2Ch. 
4.17 Coordination Chemistry of {Ph2PN(H)CH2CH2SCH2}4C6H2 4.54 
The coordination chemistry of {Ph2PN(H)CH2CH2SCH2}4C6H2 4.54 with several 
transition metal centres was briefly explored (Scheme 4.3). The 31PeH} NMR data 
showed good evidence for the formation of multi dentate complexes 4.57 - 4.59. The 
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tetrametallic ruthenium and gold complexes, 4.57 and 4.59, both displayed a sharp 
singlet in their 31PeH} NMR spectra, slightly downfield compared to previously 
reported compounds ( 4.19 - 4.21 for ruthenium, 4.22 and 4.23 for gold) (Table 4.29). 
The rhodium complex, 4.58, displayed a multitude ofresonances centred at 8(P) 67.6 
ppm with 1J(RhP) couplings around 145Hz. Further studies are required to elucidate 
the exact composition of these compounds but initial results presented here are . 
nonetheless encouraging. 
Table 4.29 31PeH} NMR dataa for 4.54, 4.57 and 4.59. 
Compound 8P 
4.54 
4.57 
4.59 
J,2,4,5-{Ph2PN(H)CH2CH2SCH2}4C6H2 41.3 
6 . 1,2,4,5-{(RuCh(TJ -p-MeC6~'Pr)Ph2P)N(H)CH2CH2SCH2}4C6H2 60.9 
J,2,4,5-{(ClAuPh2P)N(H)CH2CH2SCH2}4C6H2 64.0 
a Spectra measured in CDCh. Chemical shifts [oe1P)] in ppm. 
4.18 Synthesis and Characterisation of {(Ph2P)2NCH2CH2SCH2}4C6H2 
The synthesis of the novel octapodal (phosphino )amine 4.56 from 4.55 (Scheme 4.4) 
was found to proceed in excellent yield (95%). The ligand was isolated, after work-
up, as an air and moisture tolerant off-white solid. The 31PeH} NMR spectrum of 
4.56 showed a single sharp resonance at 8(P) 61.5 ppm (Table 4.30), similar to the 
tetra(phosphino )amine 4.27 described earlier in this chapter. This observation of a 
single resonance indicated a clean eight-fold N-H to N-PPh2 transformation, no 
evidence for partially substituted products was observed. The simplicity of the 1H 
NMR spectrum of 4.56, coupled with the absence of any NH resonances, provides 
further testimony for a highly symmetrical structure with no defect species present. 
The positive-ion F AB mass spectrum displayed the expected parent-ion peak (m/z 
1909 [M]l. Ligand 4.56 is unique and may be viewed as a prototype of a much 
broader family of (phosphino)amine surface-functionalised dendrimers. This 
procedure should bode well for the rapid construction of new dendrimeric materials. 
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Table 4.30 31PeH}, 195PteH} and 1H NMR dataa for 4.56, 4.64 and 4.66. 
1J(PtP) 8H 8H 8H 8H 2 J(PtH) 3 J(PH) Compound 8P 8Pt 
(Aromatic) (C6H2) (CH2) (Me) 
4.56 J,2,4,5-{(Ph2P)2N(CH2)2SCH2}4C6H2 61.5 7.75-7.23 6.79 3.46, 3.29, 2.00 
4.64 1, 2, 4, 5-{ (PtMe2)(Ph2P)2N ( CH2)2SCH2} 4C6H2 48.9 1534 -4133 7.80-7.09 6.28 3.48, 3.02, 1.76 0.67 76 12 
N 
0 4.66 [J,2,4,5-{Mo(C0)4(Ph2P)2N(CH2)2SCH2}4C6H2] 91.8 7.49-7.35 6.28 3.07, 1.89, 1.60 ~ 
a Spectra measured in CDCh. Chemical shifts [8C1P), 8C95Pt), 8CH)] in ppm. Coupling constants(.!) in Hz. 
(i) 
X X 
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4.56 
M: Pt, X: Cl, 4.63 
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M-Pt,X-Me,4.64 
(v) M= Pd, X= Cl, 4.65 
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Scheme 4.4 Reactions of 4.55 with (i) 8 Ph2PCl, NEt3, Et20 
(ii) H202, Ss or Se in thf(iii) [MX2(cod)] (M= Pt, Pd, X= Cl, Me) 
(iv) [Mo(C0)4(nbd)] or (v) [AuCl(tht)] in CH2Ch. 
4.19 Synthesis and Characterisation of {(Ph2P(E))2NCH2CH2SCH2}4C6H2 
The synthesis of {(Ph2P(E))2NCH2CH2SCH2}4C6H2 (E = 0, Sand Se) was achieved 
by direct oxidation of 4.56 with the appropriate oxidising agent as shown in Scheme 
4.4. Reaction of 4.56 with a small excess of aqueous H202 or stoichiometric quantities 
of elemental sulfur or grey selenium, in thf, gave reasonable yields of the oxidised 
species 4.60 - 4.62 (typically 85%, 36% and 46% respectively). Compounds 4.60 -
4.62 were found to be insoluble in thf, CH3CN, CH2Ch, CHCh or DMSO and 
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Table 4.31 Selected IR dataa for 4.56 and 4.60- 4.67. 
Compound 
4.56 1 ,2, 4, 5-{ (Ph2P)2N(CH2)2SCH2}4C6H2 
4.60 J,2,4,5-{(Ph2P(0))2N(CH2)2SCH2}4C6H2 
4.61 J,2,4,5-{(Ph2P(S))2N(CH2)2SCH2}4C6H2 
4.62 J,2,4,5-{(Ph2P(Se))2N(CH2)2SCH2}4C6H2 
4.63 J,2,4,5-{(PtCh)(Ph2P)2N(CH2)2SCH2}4C6H2 
4.64 J,2,4,5-{(PtMe2)(Ph2P)2N(CH2)2SCH2}4C6H2 
4.65 J,2,4,5-{(PdCh)(Ph2P)2N(CH2)2SCH2}4C6H2 
a Recorded as KBr pellets. In cm· . 
v(C=O) v(PN) v(P=E) v(MCl) 
844 
992 1210 
998 645 
998 567 
997 
997 
997 
997 
310,289 
305,286 
334 
consequently no solution NMR data was obtained. Assignments of the IR spectra are 
collated in Table 4.31. The IR spectra of these compounds show absorptions in the 
range 992- 998 cm·• [v(PN)], the P=O, P=S, P=Se vibrations for 4.60- 4.62 were 
observed at 1210 cm·•, 645 cm·• and 567 cm·• respectively. The positive-ion FAB 
mass spectra gave the expected parent ion and fragmentation patterns. 
4.20 Coordination Chemistry of {(Ph2P)2NCH2CH2SCH2}4C6H2 
The coordination chemistry of 4.56 with several transition metal centres was explored 
(Scheme 4.4). Reaction of 4.56 with [MX2(cod)] (M= Pt, Pd and X= Cl, Me) in 
CH2Ch afforded the corresponding metal(II) complexes 4.63 - 4.65 in good yields 
(ea. 80%). The molybdenum complex 4.66 was prepared in a similar manner by 
displacement of nbd from [Mo(C0)4(nbd)] with 0.25 equiv. of 4.56. The complexes 
4.63 and 4.65 were found to be insoluble in common solvents and consequently no 
solution NMR data was obtained. In 4.64 an upfield shift to o(P) 49 ppm was 
observed whereas for 4.66 a downfield shift in o(P) of ea. 30 ppm was noted (Table 
4.30). Furthermore a typical 1J(PtP) coupling of 1534Hz was observed for 4.64. The 
isolated dichlorometal(ll) complexes 4.62 and 4.63 have a cis configuration since two 
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distinct M-Cl stretches were observed in their IR spectra (Table 4.31). For 4.66 theIR 
spectrum showed four strong carbonyl stretches consistent with a cis Mo(C0)4 
fragment. When 4.56 was reacted with [AuCl(tht)] the octanuclear species 4.67 was 
obtained in 63% yield. In 4.67 each -N(PPh2)2 group bridges two {AuCl} fragments. 
Similar to 4.63 and 4.65 the octanuclear gold(I) complex 4.67 was found to be 
insoluble in organic solvents, the observation of one Au-Cl stretch at 334 cm·1 was in 
accord with complexation of 4.56. 
4.21 Preliminary Catalytic Studies of the Suzuki Coupling Reaction 
The Suzuki palladium-catalysed cross-coupling reaction of organoboron compounds 
with organic halides or related electrophiles (Eqn 4.1 0) represents a useful synthetic 
method for carbon-carbon bond formation and has attracted much interest oflate.297 
[cat]._ ~ 
base R~R2 
Eqn 4.10 
The Suzuki coupling reactions generally require high catalyst concentrations, limiting 
their attractiveness to large-scale commercial applications. This is due to technical 
problems and costs associated with removal of spent palladium from the products. 
Consequently recent interest has focused on developing high-activity catalysts that 
can be used in low concentrations. A number of papers have been published detailing 
the use of phosphine or phosphite palladium catalysts.191·196,298 However it would 
appear that no examples have been documented of (phosphino )amine based palladium 
catalysts for the Suzuki coupling reaction. Beller and eo-workers reported the use of 
the palladacycle 4.68, formed by cyclometallation of tri(2-tolyl)phosphine, as an 
efficient catalyst for the Suzuki reaction.196 Since these initial reports Fu and co-
workers,299·300 Guram et al. 301 and Buchwald et a/.302 have reported good activity in 
the Suzuki reaction using palladium catalysts with phosphine ligands (e.g. 4.69 -
4. 77). Further studies by Bedford et a/, showed that palladated triarylphosphite 
complexes (e.g. 4.78) catalysed this reaction with high activity for both electronically 
activated and deactivated aryl bromides. Bedford and eo-workers also investigated the 
application of cyclometallated bis(phosphinite) palladium complexes 4.79 and 4.80 in 
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the Suzuki reaction and showed they were good catalysts for the coupling of 
deactivated and sterically hindered aryl bromides. 
4.69 
R' 
R= Cy, Bu1 
R' = H, Me, Pri, NMe2 
4.70-4.77 
O-PP~ 
R n_t(0
2
CCF3) ~-I 
O-PP~ 
R= H 4.79 
Me 4.80 
A number of (phosphino)amine ligands (Chapters 2 - 5) have been tested by the 
Catalyst Evaluation Service at Johnson and Matthey for the coupling of aryl bromides 
with phenylboronic acid (Eqn 4.11 ). The % conversions were compared with two 
standards [Pd + PPh3] and Bedford's catalyst, the results are displayed in Fig. 4.7. 
These initial results show that the tetradentate ligands 4.27 and 4.28 gave the highest 
conversion using 4-bromoacetophenone. Interestingly the octadentate ligand 4.56 
more than doubled the % conversion for the 4-bromoanisole reaction, with respect to 
the standards used. The carbon-carbon bond formation of aryl chlorides would be an 
attractive catalytic reaction to pursue. 
R-o-Br + o-B(OH)2 K,CO~ 
Pd(OAc)iL 
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R 
--o-o 
R=C(O)Me 
OMe Eqn 4.11 
N 
0 
1.0 
% Conversion 40. 
Ugands 
Figure 4. 7 Suzuki coupling reaction results (70 °C, 2 hours). 
4Br-acetophenone 
4Br-anisole 
4.22 Conclusions 
In Chapter 4 the proficient synthesis of new di-, tri-, tetra- and octadentate 
(phosphino )amines has been demonstrated. Furthermore, the phosphorus(V) 
compounds can readily be prepared by direct oxidation of the corresponding 
phosphorus(III) ligands. The coordination chemistry of these ligands with a range of 
transition-metals has been extensively explored, yielding an array of bi-, tetra- and 
octanuclear complexes. It is envisaged that this procedure for ligand construction and 
subsequent metal coordination could be extended to the synthesis of cascade 
molecules bearing greater numbers of peripheral coated -N(PR2)2 [or -N(H)PR2] 
functionalities. It has also been demonstrated in preliminary studies that these 
(phosphino )amine ligands, in conjunction with Pd(OAc )2 are promising catalysts in 
palladium-catalysed carbon-carbon bond formation. Further studies are clearly 
required to evaluate the potential of these systems. 
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CHAPTERS 
THE PREPARATION AND COORDINATION 
CHEMISTRY OF 
NEW THIAZOLE MODIFIED (PHOSPHINO)AMINES 
5.1 Introduction 
There are very few examples in the chemical literature of tertiary phosphines in which 
a thiazole group is included in the ligand backbone. Early reports by Henning et al. 19 
described the synthesis of a range of thiazole :functionalised (phosphino )amine oxides 
(e.g. 1.112), by reaction of diphenylphosphinic acid with the appropriate 
aminothiazole (1), however no coordination studies were reported. Recently Dilworth 
et al., in an attempt to synthesise a Schiff base upon reaction of 2-( diphenyl-
phosphino )benzaldehyde with 2-aminobenzenethiol, found the more stable five-
membered thiazole ring (1.18) was formed instead. Attempts to prepare transition 
Q~ Q OR I N,...P,OR S~N N .... ~, HN&PP~ S~NO V V I R = iso-C3~, C4~ 
1.112 1.18 1.15 
metal complexes of 1.18 with salts of Fe, Co and Ni lead to a mixture of 
uncharacterised products?2 Although there are reports of other related phosphorus(III) 
ligands (of the type 1.15), no coordination chemistry has been reported. 
The only coordination chemistry reported of thiazole based ligands are those not 
bearing phosphorus substituents. Here thiazoles and related ligands can be potentially 
S-, N- or S,N-donating in terminal or bridging modes, and are capable of generating 
mononuclear, polynuclear and polymeric complexes. Complexes have been reported 
for 1 ,3-thiazole and 2-aminothiazole in which coordination occurs primarily through 
the heterocyclic nitrogen atoms (I and 11)?0 
~) ~s) (~) 
N N N 
"' I ~cL......., I .,.... c1~ I ~ 
Cu Cu Cu 
/ 1 ~cl.,....- I "c1"'l ......._ 
~J () ~N) 
s s s 
s~ 
'==N 
" ~Cl" ~Cl 
Cu ~Cu / ~ ...... 
Cl Cl N~ ~s 
I n 
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Another class of modified ligands bearing related groups are those with imidazolyl 
substituents. Three functionalised imidazolyl groups can be bound to a central 
nitrogen (111),304 carbon (IV),304 boron (V)305 or phosphorus (1.25)306 centre. These 
ligands favour coordination via the heterocyclic nitrogen atoms leaving the central 
atom, for example the phosphorus, as in 1.25, non coordinating (Chart 1).24•25 
Ill IV V 1.25 
M=Co, Cu,Zn 
Chart 1 
In this chapter we describe the synthesis of a senes of thiazole based 
(phosphino )amine ligands, along with their reactivity towards a range of late 
transition metals including Pt(II), Pd(II), Rh(III), Ir(III), Cu(I) and Au(I). Also, it will 
be demonstrated that these ligands have a variety of distinct coordination modes. In 
addition the corresponding chalcogenides have been made and their complexation 
behaviour investigated. 
5.2 Synthesis of Thiazole (Phosphino )amines 
Treatment of the appropriate aminothiazole (2-aminothiazole, 2-aminobenzothiazole, 
2-amino-4-methylbenzothiazole, 2-amino-6-methylbenzothiazole or 2-amino-6-
chlorobenzothiazole) and triethylamine in diethyl ether, with Ph2PCl in diethyl ether, 
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p 
.... N 
c ·r~~ 
·---·· s 
+ P~PCl 
,,, ........ , c CMe _c _c { = nothing ~ 
'-.... J ~ ~ Me ~ Cl ~ 
5.1 5.2 5.3 5.4 5.5 
Eqn 5.1 
gave Ph2PN(H)R 5.1 - 5.5 in good to excellent yields (ea. 90%) (Eqn 5.1). The 
31PeH} NMR spectra (in CDCh) of5.1- 5.5 displayed a single resonance at ea. <3(P) 
42 ppm (Table 5.1). 
Table 5.1 31P { 1H} and 1H NMR data a for the (phosphino )amines 5.1 - 5.5. 
Ph2P-N(H)R ()p <3H (aromatic) <3H (CH) <3H (Me) 
R 
N 
5.1b [~ 41.5 7.52-7.27 6.54, 6.45 
s 
5.2 o:N~ 42.1 7.53-6.97 
s 
Me 
5.3 erN~ 41.3 7.85-6.92 2.46 
s 
5.4 _(XN~ 42.2 7.43-6.85 2.35 
Me S 
5.5 _(XN~ 42.5 7.50-7.08 
Cl S 
a Spectra measured in CDCh. Chemical shifts [<3C1P), [<3CH)] in ppm. 6 <3 (NH) 8.82 
pp m. 
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The 1H NMR spectra were uninformative with the aromatic protons observed in the 
region o(H) 7.85 - 6.85 ppm. The 'parent' ligand 5.1 displayed two doublet 
resonances at o(H) 6.54 and o(H) 6.45 ppm assigned to the two CH protons in the 
five-membered thiazole ring and a broad resonance at o 8.82 ppm assigned to the 
amine proton. For 5.2- 5.5 no resonance was observed (at 250 MHz) for the amine 
proton. However a 1H NMR of 5.5 (at 400 MHz) revealed an extremely broad signal 
which disappeared on treatment with D20. The methyl resonances of5.3 and 5.4 were 
observed at o 2.46 ppm and o 2.35 ppm respectively. Assignment of the IR spectra 
were difficult, v(NH), v(C=N) and v(PN) in the regions 3177-3112 cm·I, 1604-1574 
cm·• and 930 - 891 cm·• respectively were however identified (Table 5.2). The 
microanalytical data were comparable with theoretical values and the positive ion 
FAB mass spectra gave the expected parent-ion peaks. 
Table 5.2 Selected IR data a for 5.1 - 5.5. 
v(NH) v(C=N) v(PN) 
5.1 3112 1574 891 
5.2 3177 1596 928 
5.3 3121 1586 922 
5.4 3124 1604 930 
5.5 3113 1594 924 
aRecorded as KBr pellets. In cm· . 
5.3 X-ray Crystal Structure of 5.5 
Suitable crystals of 5.5 were grown by slow evaporation of a concentrated 
toluene/CH2Ch solution. The X-ray structure (Fig. 5.1, Table 5.3) confirmed a 
distorted pyramidal geometry at the phosphorus(III) centre indicated by angles being 
less than 109° [C(14)-P(1)-N(2) 102.94(6), C(8)-P(1)-N(2) 100.94(7) and C(14)-
P(1)-C(8) 102.57(7)0 ]. The P(1)-N(2) and N(2)-C(7) bond lengths are comparable to 
other (phosphino)amine structures previously reported.76 The N(2)-C(7) and N(1)-
C(4) differ very slightly in length and are characteristic of a single N-C bond. The 
C(7)-N(l) bond length is smaller [1.3053(18) A] and typical of a N=C double bond.32 
The amino proton was located on N(2). 
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Figure 5.1 Crystal structure of 5.5. 
Table 5.3 Selected bond lengths (A) and angles e) for 5.5. 
P(l)-N(2) 1.7091(12) N(2)-C(7) 1.3583(18) 
C(7)-N(1) 1.3053(18) C(7)-S(2) 1.7613(17) 
N(1)-C(4) 1.3940(18) S(1)-C(5) 1.7444(15) 
C(14)-P(l)-N(2) 102.94(6) C( 14 )-P( 1 )-C(8) 102.57(7) 
C(8)-P(1 )-N(2) 100.94(7) P(1 )-N(2)-C(7) 120.22(11) 
N(2)-C(7)-S(1) 119.78(11) N(2)-C(7)-N(l) 123.64(14) 
C(7)-S(1 )-C(5) 88.20(7) C(7)-N (1 )-C( 4) 109.92(13) 
5.4 Synthesis ofPh2P(E)N(H)R (E = 0, S, Se, R = Thiazole Group) 
The oxides Ph2P(O)N(H)R 5.6- 5.10 were prepared in good yields (range 67 - 97%), 
by dropwise addition of aqueous hydrogen peroxide to a thf solution of 5.1 - 5.5. The 
sulfides 5.11 - 5.15 were prepared by addition of elemental sulfur to a thf solution of 
5.1 - 5.5. Reaction of 5.1 - 5.5 with stoichiometric amounts of grey selenium gave the 
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,.---·. N PPhz ( ( }-N + E 
···---·· S H 
thf 
.... 
........ 
,' '~ 
: = nothing 
• ~ ...... __ ...... 
E=O 5.6 
E= S 5.11 
E =Se 5.16 
Me 
cc 
5.7 
5.12 
5.17 
5.8 
5.13 
5.18 
Me,C 
5.9 
5.14 
5.19 
Cl_c 
5.10 
5.15 
5.20 
Eqn5.2 
selenides 5.16- 5.20 in good yields (62- 98%) (Eqn 5.2). The oxides 5.6 and 5.7 
were previously reported by Henning et al. 19 and were synthesised by reacting 
diphenylphosphinic chloride with the appropriate amine. The chalcogenide species 
5.6 - 5.20 were all isolated as air and moisture stable solids of poor solubility e.g. 
sparingly soluble in chlorinated solvents but soluble in thf and DMSO. Similar to the 
1H NMR of the free ligands, the amine protons for the chalcogenide species were not 
observed except for 5.7, 5.12 and 5.17 whose amine protons were observed at ea. o 12 
ppm (Table 5.5). TheIR of 5.6-5.20 displayed characteristic bands associated with 
v(NH), v(C=N), v(PN) and v(P=E) (Table 5.6). The v(PN) bands have shifted to a 
higher wavenumber than observed for the free ligands, typically ea. 25 cm"1, a similar 
observation was observed for the v(C=N) absorption. 
5.5 X-ray Crystal Structures of 5.12 and 5.14 
Slow diffusion of EhO into a CDCh/CH2Ch solution of either 5.12 (Fig. 5.2) or 5.14 
(Fig. 5.3) over 72 h gave crystals suitable for X-ray crystallography. Selected bond 
lengths and angles for 5.12 and 5.14 are shown in Table 5.7. The X-ray structures of 
5.12 and 5.14 both display distorted tetrahedral geometries. The P=S distances 
[1.958(3) A for 5.12 and 1.954(2) A for 5.14] are typical of a P=S double bond in 
(phosphino)amine systems (ea. 1.94 A)!ll Interestingly the P-N bond lengths 
[1.633(8) A for 5.12 and 1.649(5) A for 5.14] in both structures are very similar, but 
significantly smaller than observed in 5.5 [1.7091(12) A] indicating some partial 
double bond character in the P-N bonds upon oxidation of the phosphorus(III) centre 
to phosphorus(V). For 5.12 the C-N bond lengths indicated a degree of delocalisation 
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Table 5.4 31PeH} NMR data a for the compounds 5.6- 5.20. 
Ph2P-N(H)R 
oP<o> oP<s> OP(se) 1J(SeP) 
R 
N [}-- 5.6 23.9b 5.11 49.9b 5.16 42.2c 713 
s 
o:N}-- 5.7 24.7 5.12 53.0 5.17 47.4 730 
s 
Me O:N}-- 5.8 19.9 5.13 53.0 5.18 47.3 730 
s 
~\-
Me S 
5.9 23.9 5.14 52.7 5.19 47.2 730 
~N }--- 5.10 
Cl S 
26.5b 5.15 49.5b 5.20 43.9c 726 
a Recorded in d6-DMSO. Chemical shifts [oC1P)] in ppm. Coupling constants (J) in 
Hz. b Recorded in CDCh. c Recorded in CDCh and DMSO. 
ofthe C=N bond. When compared to 5.5 the expected C(1)=N(9) bond was elongated 
indicating partial double bond character and the C(1)-N(1) is significantly shorter 
showing some double bond character. However for 5.12, the amine proton was 
located on N(1). Contrastingly for 5.14 the proton was located on the thiazole ring 
nitrogen indicating the tautomeric form of this compound has been 
crystallographically verified. The migration of the amine proton from N(1) to N(9) 
can also be seen by the dramatic change in N-C bond lengths. The N(1)-C(1) bond 
length [1.260(8) A] is shorter whereas the C(1)-N(9) and N(9)-C(8) are longer 
[1.367(8) and 1.364(8) A] consistent with appreciable double and single bond 
character respectively. Furthermore the S-C-N bond angle observed for 5.12 was 
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Table 5.5 1H NMR data8 for the chalcogenide species 5.6- 5.20. 
8H(NH) 8H (Aromatic) 8H (CH)2 3J(HH) 8H(Me) 
5.66 7.90-7.26 6.65, 6.33 5 
5.7 12.41 7.85-7.07 
5.8 7.88-6.97 2.41 
5.10b 7.91-7.08 
5.11b 8.00-7.41 6.43, 6.23 5 
5.12 12.09 7.36-6.52 
5.13 7.96-7.01 2.41 
5.15b 8.01-7.06 
5.16b 7.62-6.99 6.47, 5.93 5 
5.17 12.19 8.74-6.50 
5.18 7.97-7.02 2.43 
5.20b 7.99-7.07 
a Recorded in d6-DMSO. Chemical shifts [8e1P)] in ppm. 6 Recorded in CDCh. 
Chemical shifts [8e1P)] in ppm. 
Figure 5.2 Crystal structure of 5.12. 
219 
Table 5.6 Selected IR data8 for 5.6 - 5.20. 
v(NH) v(C=N) v(PN) v(P=E) 
5.6 3115 1615 954 1173 
5.7 3097 1611 955 1170 
5.8 3074 1646 965 1165 
5.9 3074 1616 960 1163 
5.10 3076 1631 957 1163 
5.11 3142,3105 b 947 612 
5.12 3095 1607 954 598 
5.13 3241 1606 959 612 
5.14 3086 1607 954 634 
5.15 3181 1624 948 626 
5.16 3142,3104 b 945 587 
5.17 3163,3113 1607 953 566 
5.18 3215 1607 958 587 
5.19 3112 1606 953 598 
5.20 3070 1619 948 586 
8 Recorded as KBr pellets. In cm-1• 6 Exact assignment could not be made. 
s--{) 
/s ... A. J-J 11 -~ ... eo 
s-ye .. co 
CO 
5.21 5.22 
larger [125.2(9)0 ] than observed in 5.5 [119.78(11)0 ], 5.21 [115.5(3)0 f 7 and copper 
complex of the pyridyl-thiazole ligand 5.22 [114.1(8)0 ].307 However the angle 
observed in the thiazoline tautomer 5.14 was much smaller [107.3(5)0 ]. Molecules of 
5.12 form hydrogen bonded chains through N-H···S H-bonding (Fig. 5.4), similar to 
that observed in ;Pr2P(S)N(H)P(SiPrl08 and Me2P(S)N(H)P(S)Me2122 and in contrast 
to the phenyl analogue Ph2P(S)N(H)P(S)Ph2 which is known to form dimer pairs.309 
Furthermore, molecules of 5.14 are also intermolecularly hydrogen bonded, through 
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the sulfur of one molecule to the N-H proton of an adjacent molecule forming an 
infinite chain [N(9) .. ·S(1A) 3.31 A, H(9)-··S(1A) 2.25 A; N(9)-H(9)-··S(l S) 157°] 
(Fig. 5.5). This type of tautomerism shown by 5.14 is comparable to that observed in 
the reaction of 2,2-dichlorovinylbisphosphonate with 1 ,2-aminothiol, which afforded 
a tautomeric equilibrium between the ketone-N,N-actal 5.23 and the 
bisphosphonoacetamidine 5.24 (Scheme 5.1). In this reaction the tautomer 5.24 was 
only observed by 31PeH} NMR.310 
0 
11 
Cl P(OEt)2 
>=< Cl P(OEt)2 11 
0 
(i) 
.... 
ti ~ 
o:N P(OEt)2 >=< S P(OEt)2 11 
0 
5.23 
Scheme 5.1 (i) H2NCH2CH2SH. 
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C13 
Figure 5.3 Crystal structure of 5.14. 
221 
0 
11 
N P(OEt)2 H 
S P(OEt)2 11 
0 
5.24 
Figure 5.4 Crystal structure of 5.12 showing the H-bonded chain structure. 
Figure 5.5 Crystal structure of 5.14 showing the H-bonded chain structure. 
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Table 5.7 Selected bond lengths (A) and angles e) for 5.12 and 5.14. 
5.12 5.14 
P(1}-N(1) 1.633(8) 1.649(5) 
C(1}-N(1) 1.30(1) 1.260(8) 
C(1}-N(9) 1.34(1) 1.367(8) 
N(9}-C(8) 1.39(1) 1.364(8) 
C(1}-S(2) 1.753(9) 1.794(7) 
S(2}-C(3) 1.70(1) 1.740(7) 
S(1}-P(1) 1.958(3) 1.954(2) 
C(10}-P(1}-N(l) 104.5(5) 102.2(3) 
C(16}-P(1}-N(1) 105.1(4) 105.9(3) 
S(l}-P(1}-N(1) 117.6(3) 118.3(3) 
8(1 }-P(l }-C(1 0) 112.9(4) 112.6(2) 
8(1 }-P(1 }-C(16) 111.2(4) 111.1(2) 
N(1}-C(1}-S(2) 113.2(7) 129.1(5) 
C(1}-S(2}-C(3) 90.7(5) 92.3(3) 
C(10}-P(l}-C(16) 104.5(4) 105.5(3) 
P(1}-N(1}-C(l) 129.5(8) 125.2(5) 
N(9}-C(l }-N(1) 121.6(9) 123.6(6) 
C( 1 }-N (9}-C(8) 113.0(9) 118.6(6) 
N (9}-C(l }-8(2) 125.2(9) 107.3(5) 
5.6 Deprotonation Studies of the Chalcogenides 5.10 and 5.15 
Previous studies using {R2P(E)}2NH or R2P(E)N(H)P(E')R2 have shown that the 
amine proton can readily be removed upon addition of base affording the anionic 
compounds [{R2P(E)}2N]" or [R2P(E)NP(E')R2]"} 11 In an attempt to investigate 
whether our new chalcogenide systems undergo similar deprotonation behaviour, the 
reactivity of sulfide 5.15 and the corresponding oxide 5.10, with KOBu' were studied 
(Eqn 5.3). Addition ofKOBu' to a suspension of either 5.15 or 5.10 in methanol gave 
an immediate colourless solution. Upon solvent evaporation, the potassium salts 5.25 
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KOBu1 
MeOH 
.... 
E 
N._ \PP~ 
r'N 
Cl S 
E = S 5.25 
05.26 
Eqn. 5.3 
and 5.26 were obtained as moisture sensitive crystalline solids in 67% and 65% yields 
respectively. The 31P{1H} NMR spectra of 5.25 and 5.26 (in CD30D) display single 
resonances upfield with respect to 5.15 and 5.10 (recorded in CDCh). 
Table 5.8 31PeH}, 1H NMRa and selected IRh spectroscopic data for 5.25 and 5.26. 
NMR IR 
Compound 
()p(E) c <>H (Aromatic) PN P=E 
5.25 47.4° 8.05-7.02 962 610 
5.26 23.8 7.91-7.07 965 1220 
a Spectra measured in CD30D. Chemical shifts [<>C1P)] in ppm. 6 Recorded as KBr 
pellets. In cm-1. c E = S 5.25, 0 5.26. d <>(P) 44.8 ppm (in CDCh). 
5. 7 X-ray Crystal Structure of 5.25 
Crystals of 5.25 suitable for X-ray crystallography were obtained by allowing a 
methanol solution to evaporate slowly over a period of 3 weeks. The crystal structure 
(Fig.'s 5.6 - 5.8) along with selected bond lengths and angles (Table 5.9) shows a 
dimer arrangement comprising two deprotonated Iigands bridging two potassium 
centres via the nitrogen donors. The bonding of the deprotonated thiazole ligand is 
similar to that observed for [N(NC6~Me)2K(DME)2h 5.27 (Fig. 5.9)?11 Each 
potassium is .N,N'-bonded to two deprotonated thiazole ligands and the potassium 
atoms are positioned above and below the plane defined by the N-C-N moiety. The 
coordination sphere of the seven-coordinate potassium is completed by a terminal 
methanol and two bridging methanols which link these K2(NCN)2 units into an 
infinite chain structure (Fig. 5.8). The K-N bond distances range from 2.919(2) 
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01A 
Cl1 
Figure 5.6 Crystal structure of 5.25. 
Figure 5. 7 The core geometry 
in 5.25. 
Figure 5.8 The infinite chain structure in 5.25. 
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Figure 5.9 Crystal structure of [N(NC6RtMe)2K(DME)2h 5.27 (taken from ref. 312). 
Table 5.9 Selected bond lengths (A) and angles CO) for 5.25. 
K(l)-N(1) range 
K(1)-N(2) range 
K(1 )-C(7) range 
N(l)-C(7) 
C(7)-N(2) 
P(1)-S(2) 
2.866(2)-2.920(2) K(l)-0(1) range 
3.055(2)-3.138(2) K(1)-0(2) 
3.220(2)-3.288(2) N(2)-P(1) 
1.323(3) C(7)-S(1) 
1.333(3) N(1 )-C( 4) 
1.9851(9) 
2. 776(2)-2.829(2) 
2.6893(19) 
1.626(2) 
1.801(3) 
1.385(3) 
N(1 )-C(7)-N(2) 122.2(2) 0(1)-K(1)-N(2) range 80.30(6)-152.36(7) 
N(1)-K(1)-N(2) range 44.97(6)-86.81(6) 0(1)-K(l)-N(l) range 109.69(6)-156.41(6) 
C(7)-N(2)-P(l) 123.68(19) 0(2)-K(1)-N(l) range 80.97(6)-164.18(7) 
N(2)-C(7)-S(l) 124.61(19) 0(2)-K(1)-N(2) range 83.08(6)-150.38(6) 
N(2)-P(1 )-S(2) 117.80(7) 
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to 3.138(2) A which are longer than observed for 5.27 [2.824 to 2.978 A] and 
[KN(SiMe3)2h [2.770(3) to 2.803(3) A]. Furthermore the K-0 distances [2.6884(18), 
2.830(2) and 2.778(2) A] compare well with those observed in 5.27 [2.755, 2.845 and 
2.779 A] which also forms a linear chain (Fig 5.9). The P=S bond length [1.9851(9) 
A] is slightly elongated upon deprotonation when compared to the P=S distances in 
the free sulphides 5.12 and 5.14 [1.958(3) and 1.954(2) A respectively]. 
5.8 Platinum(II) and Palladium(II) Chemistry of 5.1 - 5.5 
In order to ascertain the coordination capabilities of the new ligands 5.1 - 5.5 their 
reaction with [MX2(cod)] (M= Pt, Pd) was investigated. 
5.8.1 Platinum(II) chemistry 
Ligands 5.1 - 5.5 react with [PtCh(cod)] in CH2Ch to afford white solids in high 
yields (range 91 - 98%), characterised by NMR and IR spectroscopy. The isolated 
products were sparingly soluble in CDCh and d6-DMSO. Due to their limited 
solubility their reactions were studied in situ by NMR spectroscopy. Initial 31PeH} 
NMR spectra were obtained and these samples were monitored over a further 11 days. 
The initial NMR spectra of 5.29, 5.32 and 5.33 revealed the major species to be the 
cationic complex (a) in which one ligand is P,N-chelating and the other P-
coordinating. The minor species (b) were assigned to complexes in which the ligands 
czy 
I ' 
Cl Cl 
,. .. -- ..... , I+ ( r-s 
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I 
+ --~)loo~ Cl, ,...PP~ + 
---. ,Pt 
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Eqn5.4 
are P-coordinating. The initial 31PeH} NMR spectrum of 5.30 displayed only the 
cationic complex 5.30a and for 5.29 solely the P-coordinating complex 5.29b was 
observed (Eqn 5.4 and Table 5.10). After 11 days several new phosphorus containing 
species in addition to the initial complexes were observed, no attempts to separate or 
characterise these compounds were made. The S(P) and 1J(PtP) couplings observed 
for the non-chelating ligands were similar to those observed for the cis-platinum 
chloride species containing mono substituted keto- and ester-functionalised ligands 
discussed earlier (Chapter 2, Section 2.5.1). The IR spectra displayed bands 
characteristic ofv(NH), v(C=N), v(PN) and v(MCl) (Table 5.11). 
Table 5.11 Selected IR dataa for 5.28, 5.29 and 5.32. 
v(NH) v(C=N) v(PN) v(MCl) 
5.28 3103 1576 934 319,290 
5.29 3095 1592 832 314 
5.32 3107 b 840 314,284 
aRecorded as KBr pellets. In cm"1• 6 Exact assignment could not be made. 
5.8.2 X-ray crystal structure of 5.33 
Attempts to obtain crystals of 5.29 suitable for X-ray crystallography by layering a 
CDCh solution with Et20 were unsuccessful, the X-ray structure (Fig. 5.1 0) revealed 
the crystal under investigation to be 2-aminobenzothiazole.HCl 5.33 in which the 
thiazole nitrogen was protonated and the molecules hydrogen bonded to chloride ions. 
Molecules of 5.33 are involved in a series of intermolecular N-H ... cl hydrogen bonds 
(Table 5.12). This observed hydrogen bonding is similar to that seen in the X-ray 
crystal structure of 2-aminobenzothiazole-HMPA (HMPA = O=P(NMe2)3), 312 [(2-
abtz)(dnba)(H20)] (2-abtz = 2-aminobenzothiazole, dnba = 3,5-dinitrobenzoic acid) 
and [(2-atzn)(2-aba)] (2-atzn = 2-amino-2-thiazoline, 2-aba = 2-aminobenzoic 
acid).313 
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Table 5.10 31P{1H} NMR data8 for the platinum complexes 5.28- 5.32. 
a c 
[PtCh{Ph2P-N(H)R}2] oP oP oP 
R P,N 
1J(PtP) p 1J(PtP) 2J(PP) p 1J(PtP) 
chelating coordinating coordinating 
N (~ 5.28b 64.3 4029 23.6 3651 n.o 22.4 n.o. 
s 
o:N~ 5.29 64.1 4034 21.9 3735 9 
s 
N Me N 
\0 erN~ 5.30 21.9 3819 
s 
_c:N~ 5.31 64.0 4044 22.4 3730 n.o. 23.9 n.o 
Me S 
_c:N~ 5.32 64.3 4033 22.9 3765 n.o. 
Cl S 
a Spectra measured in CDCh. Chemical shifts [oe1P)] in ppm. Coupling constants (J) in Hz. 6 Spectra measured in d6-DMSO. n.o. = not 
observed. 
®CIUDl 
' 
' 
' 
' 
'.. H\1AEJ @--- _,. 
/CH1CJ 
~· HllB.A> 
NI1AI 
Figure 5.10 Crystal structure showing the molecular structure of 
2-aminobenzothiazole.HCl 5.33 and the hydrogen bonding associations. 
Table 5.12 Selected bond lengths (A) and angles e) for 2-aminobenzothiazole.HCl 
5.33. 
N(9)···Cl(l) 
N(l)···Cl(IA) 
N(1)···Cl(IB) 
N(9)-H(9}··Cl(l) 
3.090 (2) 
3.130 (2) 
3.130 (2) 
159.95 (2) 
N(1-H(lA)···Cl(lA) 164.84 (2) 
5.8.3 Palladium(II) chemistry 
H(9}··Cl(l) 
H(lA)···Cl(lA) 
H(lB)···Cl(lB) 
N(1)-H(1B}··Cl(1B) 
2.155 (10) 
2.176 (9) 
2.194 (6) 
173.20 (2) 
The palladium complexes 5.34 - 5.38 were prepared and isolated in the same manner 
as the platinum analogues 5.28 - 5.32. The 31PeH} NMR spectra showed these 
complexes to be cationic (a) or dicationic (c) in solution (Eqn 5.5), a summary of the 
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a;? 
I • 
Cl Cl 
+ 
.---··rN pp~ 
: I ~N 
'-·--·· S H 
, .. -- .. 
,' ' 
. 
. 
'" .... _.,.,' 
= nothing 
5.34a+c 
,·····, I+ :. rs I S H j2+ 
··---(N'ANH (---~--!r-li 
1 ~ ~N PP~ 
Cl, ,PP~ + ··--·· ' / 
,.--., ,Pd ,.--.. fd, 
' (N ' t-. ' lf N ppt-. t .. ___ r )-NPP.'2 t··---~ )-N ''2 
S H S H 
a c 
Me 
c c Me ~ Cl ~ 
5.35a+c 5.36c 5.37a+c 5.38a+c 
Eqn5.5 
Table 5.13 31P { 1H} NMR data3 for the palladium complexes 5.34- 5.38. 
a c 
<>P oP <>P 
[PdCh{Ph2P-N(H)R}2] 
R 
P,N- P- 2J(PP) his P,N-
chelating coordinating chelating 
N [~ 5.34b 88.0 54.6 13 79.0, 78.7 
s 
o:N~ 5.35 82.9 51.3 22 79.4 
s 
Me 
&N~ 5.36 83.8 
s 
n=N~ 5.37 82.7 50.97 22 79.65 
Me S 
n=N~ 5.38 82.9 52.1 24 80.1 
Cl S 
a Spectra measured in CDCh. Chemical shifts [oC1P)] in ppm. Coupling constants (.J) 
in Hz. b Spectra measured in d6-DMSO. 
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Table 5.14 1H NMR dataa for the palladium complexes 5.34 and 5.36 - 5.38. 
oH(NH) 
5.346 8.64 
5.36 8.42 
5.37 9.30, 9.11 
5.38 9.32, 9.21 
oH (Aromatic) 
7.18-6.39 
7.83-7.05 
7.89, 6.86 
7.90, 6.94 
oH (CH)2 
6.26, 5.87c 
oH(Me) 
5.45 
2.37, 2.26 
a Spectra measured in CDCb. Chemical shifts [oeH)] in ppm. 6 Spectra measured in 
d6-DMSO. c 3 J(HH) = 5 Hz. 
NMR data is presented in Table 5.13. With the exception of 5.36, in which a single 
resonance at o(P) 83.8 ppm was characterised as the di-cationic species 5.36c, the 
compounds 5.34, 5.35, 5.37 and 5.38 display two distinct doublets assigned as the 
cationic complex a in which one ligand is P,N-chelating and the other P-coordinating. 
Two further resonances were identified as cis and trans isomers of the bis-chelating 
species c. The 1H NMR spectra display broad resonances downfield at ea. o(H) 9 ppm 
characteristic of the amine proton (Table 5.14). The IR spectra show bands in the 
regions 3150- 3079 cm·1, 1617- 1572 cm·1, 871- 832 cm·1 and 317- 270 cm·1 
assigned as v(NH), v(C=N), v(PN) and v(PdCl) respectively (Table 5.15). 
Contrastingly, Woollins et al. observed only type a species in the reaction between 
dppap [2- diphenylphosphinoamino)pyridine] and [MCh(cod)] (M= Pt, Pd). 
Table 5.15 Selected IR dataa for 5.28 - 5.32. 
v(NH) v(C=N) v(PN) v(MCl) 
5.34 3098 1572 842 293,282 
5.35 3079 1585 832 308 
5.36 3150 1613 840 297,270 
5.37 3100 1596 871 305,284 
5.38 3088 1617 841 317 
a Recorded as KBr pellets. In cm· . 
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5.9 Neutral P ,N-Bidentate Metal Complexes of 5.1 - 5.5 
Treatment of the di-chloro species 5.28, 5.29, 5.31, 5.32 and 5.34- 5.38 with two 
equivalents of 1BuOK in methanol leads to deprotonation of the coordinated thiazole 
ligands affording the neutral species [M{Ph2N(R)-P,N}2] (Scheme 5.2). 
\19 
M 
I ' 
Cl Cl 
+ 
,--··rN PPltz ( I 't---N 
• •• __ , S H 
... -- ... ( ' 
I 
', . 
..... _ ..... C' ! nothing ._, ~ 
M=Pt 5.39 
Pd 5.43 
5.40 
5.44 5.45 
s ,----(,~):::N 
{ ~N----~PPh 
'.. , ' / 2 
--- M 
---- / ' 
:' (~' N ,ppt. 
I I \'• •. 'I "2 
·---- ~il s 
Me~ Cl~ 
5.41 
5.46 
5.42 
5.47 
Scheme 5.2 (i) CH2Ch (ii) 1BuOK, MeOH. 
5.9.1 Synthesis and characterisation of cis-[Pt{Ph2PN(R)-P,N}2] (R = thiazole 
group) 
Deprotonation of the platinum chloride complexes 5.28, 5.29, 5.31 and 5.32 affords 
the neutral species cis-[Pt{Ph2PN(R)-P,N}2] 5.39- 5.42 as white, powdery solids, in 
excellent yields, typically 95%. The complexes 5.39 - 5.42 display sharp single 
31PeH} NMR resonances, flanked by platinum satellites downfield with respect to 
their precursors (Table 5.16). The 1J(PtP) couplings of ea. 3300Hz are typical of a 
deprotonated ligand cj cis-{Pt{Ph2PN(py)-P,N}2] [1J(PtP) 3334 Hz].76 1H NMR 
spectroscopy could not successfully be used to elucidate whether deprotonation had 
occurred since the amine protons could not be located, with confidence, in the 
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precursors 5.28, 5.29, 5.31 and 5.32. TheIR spectra showed good evidence in support 
of the proposed structures demonstrating the absence of v(NH) and v(C=N) 
absorptions, indicating delocalisation of electron density of the double bond. 
Deprotonation of the amino group causes a decrease in P-N bond order and the v(PN) 
shifts to lower frequency (876, 863, 850 and 854 cm-1 for 5.38 - 5.41 respectively), 
compared to that of the free ligands 5.1 - 5.5 (See Table 5.2). This observation is in 
contrast to a number of related systems containing PNP,115•314 PNP(E) (E = 
0 88,89,93,257,315 or Se9o), and (E)PNP(E) (E = O,l17,120,126,316,317 s•o6,124,309,318-321, or 
Se106·322"324) backbones, where electron delocalisation upon deprotonation occurs over 
the three, four or five atom backbone resulting in lengthening of the P=E and 
shortening of the P-N bonds. This was not significant in these complexes. The 
microanalytical and mass spectral data were satisfactory for all four complexes. 
Table 5.16 31PeH} and 1H NMR8 data for the platinum complexes 5.39- 5.42. 
cis-[Pt {Ph2PN (R)-P,N}1] oP 1J(PPt) oH oH oH 
R (Aromatic) (CH)2 (Me) 
N [~ 5.39 65.2 3309 7.53-6.73 6.27c 
s 
o=N~ 5.40 68.3 3370 7.93-6.73 
s 
_c:N ~ 5.41 67.6 3365 7.53-6.58 2.26 
Me S 
«N~ 5.42 68.4 b 7.50-6.89 
Cl S 
a Spectra measured in CDCh. Chemical shifts [o(nP)] in ppm. Coupling constants (J) 
in Hz. b No satellites observed because of poor signal to noise ratio. c Only one 
broad resonance observed. 
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5.9.2 X-ray crystal structure of 5.39 
To confirm the proposed structure, a single X-ray diffraction study was carried out on 
5.39 (Fig. 5.11 and Table 5.17). The molecular structure of the platinum complex 5.39 
displays a cis geometry of the chelating ligands around an approximately square 
planar metal centre. The complex consists of two chemically equivalent M-P-N-C-N 
rings which, upon crystallographic examination, were found to contain subtle 
geometrical differences. The five-membered rings in the platinum complex 5.39 were 
slightly distorted from planarity with P(1) lying 0.17 A below the Pt(l)-P(2)-N(4)-
C(6)-N(2) mean plane and P(2) lying 0.33 A above the Pt(1)-P(1)-N(3)-C(l)-N(1) 
mean plane. The P-N bond lengths were not significantly different [P(1)-N(3) 
1.670(4) and P(2)-N(4) 1.665(4) A] but shorter than observed for the ligand 5.5 
[1.7091(12) A] and longer than found in the sulfides 5.12 and 5.14 [1.633(8) and 
1.649(5) A] and the potassium salt 5.25 [1.627(2) A]. A contraction of N(3)-C(1), 
N(4)-C(6) [1.321(6) and 1.317(6) A] and elongation of C(1)-N(1), C(6)-N(2) 
Figure 5.11 Crystal structure of 5.39. 
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Table 5.17 Selected bond lengths (A) and angles CO) for 5.39. 
Pt(1}-P(l) 2.2485(13) P(1}-N(3) 1.670(4) 
Pt(1}-P(2) 2.2429(13) P(2}-N(4) 1.665(4) 
N(3}-C(1) 1.321(6) N(4}-C(6) 1.317(6) 
C(l}-N(1) 1.348(6) C(6}-N(2) 1.366(6) 
N(1}-Pt(1) 2.100(4) N(2}-Pt(l) 2.084(4) 
P(l }-Pt(1 }-P(2) 102.55(4) N(1}-Pt(1}-N(2) 98.34(14) 
P(l}-Pt(1}-N(2) 175.85(11) P(2}-Pt(1}-N(1) 174.84(11) 
P(1}-Pt(1}-N(1) 79.70(11) P(2}-Pt(1 }-N(2) 79.55(11) 
Pt(1 }-P(1 }-N(3) 105.34(15) Pt(1}-P(2}-N(4) 105.82(14) 
P(1 }-N(3}-C(1) 110.9(3) P(2}-N(4}-C(6) 111.3(3) 
N(3}-C(l}-N(l) 127.6(5) N(4}-C(6}-N(2) 126.1(4) 
[1.348(6) and 1.366(6) A] can be compared to those in the 'free' ligand 5.5 [N(2}-
C(1) 1.3583(18) and C(1}-N(1) 1.3053(18)0]. The P-N-C bond angles [110.9(3) and 
111.3(3)0 ] are considerably smaller than those of either 5.5 [120.22(11)0 ] or the 
sulfides 5.12 and 5.14 [129.5(8) and 125.2(5)0 respectively]. This contraction in bond 
angle upon deprotonation is also observed in related systems containing other P-N-P 
fragments in their backbones.314-325 
5.9.3 Synthesis and characterisation of cis-[Pd{Ph2PN(R)-P,N}2] (R = thiazole 
group) 
The palladium complexes 5.43-5.47 were prepared and isolated in the same manner 
as the platinum analogues 5.39 - 5.42 (Scheme 5.2). Deprotonation of the palladium 
chloride complexes 5.34 - 5.38 with 1Bu0K in methanol yields the neutral species cis-
[Pd{Ph2PN(R)-P,N}2] 5.43- 5.47 as bright yellow, powdery solids, in good yields, 
typically 90%. Unfortunately the neutral palladium complexes, with the exception of 
5.38 were insoluble in common organic solvents, consequently no solution NMR data 
was obtained. However, for 5.42 a single peak in the 31PeH} NMR spectrum [in d6-
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DMSO] was observed at 8(P) 89.2 ppm. In the 1H NMR the aromatic protons were 
observed at 8(H) 6.93- 6.66 ppm and the two CH groups centred at 8(H) 6.02 and 
5.99 ppm [in d6-DMSO]. The IR showed good evidence in support of the proposed 
structures with the absence of any v(NH) bands and v(C=N) stretches, indicating 
delocalisation of the double bond character analogous to the platinum(II) complexes 
5.39 - 5.42. Additionally the v(PN) bands shifted similarly to the platinum analogues 
(Table 5.18). The positive ion FAB mass spectra results and microanalytical data 
provide additional evidence for deprotonation of the coordinated ligands. 
Table 5.18 Selected IR dataa for 5.43 - 5.47. 
cis-[Pd {Ph2PN(R)-P,N}2] 
R 
v(PN) 
N [~ 5.43 879 
s 
ocN~ 5.44 868 
s 
Me 
erN~ 5.45 857 
s 
_o:N~ 5.46 864 
Me S 
_o:N~ 5.47 857 
Cl S 
a Recorded as KBr pellets. In cm- . 
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5.10 Gold(l) Chemistry ofPh2PN(H)R (R = Thiazole group) 
Ligands 5.1-5.5 react cleanly with [AuCl(tht)] in CH2Ch with displacement oftht to 
afford [AuCl{Ph2PN(H)R}] 5.48- 5.52 as white solids in good to excellent yields 
(ea. 85%) (Eqn 5.6). 
,., ......... 
. . 
I 
I 
I 
' ' . . .... __ .... 
= nothing 
5.48 
[AuCl(tht)] 
..... 
Me 
cc 
5.49 5.50 
Cl 
I 
Au 
I 
c·····-rrN~Npp~ 
. Jls H ~ ....... ~" 
5.51 5.52 
Eqn5.6 
In solution the complexes were sensitive to light and decomposed with formation of a 
typical gold mirror. The 31PeH} NMR spectra (in CDCb) showed in all cases single 
resonances at ea. <>(P) 58 ppm. Upon coordination the phosphorus(III) centre was 
shifted down:field by ea. 15 ppm compared to the free ligand values [ea. <>(P) 42 ppm] 
(Table 5.19). The 1H NMR spectra (CDCh) showed an amine proton resonance at 
<>(H) 8. 78 ppm for 5.49 however, no proton resonance was observed for the other four 
gold complexes. From the IR spectra, v(NH) (3217 - 3100 cm"1), v(C=N) (1615 -
1594 cm·\ v(PN) (949- 931 cm"1) and v(AuCl) (323- 312 cm-1) were all identified 
(Table 5.20). 
5.11 X-ray Crystal Structure of 5.50 and 5.52 
Suitable crystals of 5.50 and 5.52 were grown by vapour diffusion of Et20 into a 
CDCb solution over a period of 5 d in the dark. The crystal structure of 5.50 (Fig. 
5.12 and Table 5.21) confirmed a terminal P bound ligand and a chloride arranged in 
a near linear geometry [Cl(l)-Au(1)-P(l) 177.32(5)0]. No interaction between the 
gold and the thiazole nitrogen atom was observed. The P(l)-N(l) distance of 
[1.656(4)A] is similar to that found in 5.34, 5.12 and 5.14 [1.670(4) and 1.665(4)A, 
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Table 5.19 31PeH} and 1H NMR data a for the gold complexes 5.48- 5.52. 
[ AuCl {Ph2PN(H)R}] oH 
oP oH (CH)2 oH(Me) 
R (Aromatic) 
N (}--- 5.48 59.2 7.71-7.40 6.50, 6.25c 
s 
o:N}--- 5.49b 57.8 7.82-7.10 
s 
Me 
erN}- 5.50 57.7 7.83-7.01 2.41 
s 
_o:N}--- 5.51 57.6 7.81-6.97 2.35 
Me S 
_o:N}--- 5.52 57.6 7.73-7.11 
Cl S 
a Spectra measured in CDCh. Chemical shifts [oe1P), <>CH)] in ppm. 6 o (NH) 8.78 
ppm (v.broad). c 3J(HH) =4Hz. 
Table 5.20 Selected IR dataa for 5.48 - 5.52. 
v(NH) v(C=N) v(PN) v(MCl) 
5.48 3100 931 323 
5.49 3203 1603 942 315 
5.50 3217 1604 949 316 
5.51 3194,3178 1594 947 312 
5.52 3198,3168 1615 941 314 
a Recorded as KBr pellets. In cm·1• 6 Exact assignment could not be made. 
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1.633(8) A, 1.649(5) A]. In a similar fashion to 5.14, the amine proton was located on 
the thiazole nitrogen, indicating the tautomeric form of the coordinated ligand has 
been crystallographically solved. In this tautomer the different C(13)-N(1) and N(2)-
C(13) bond lengths [1.299(6) and 1.355(6) A] indicate appreciable single and double 
bond character respectively. The P(1)-N(1)-C(l3) angle of 120.7(3)0 is as expected 
for a monodentate P bound ligand. 76 A long distance intermolecular hydrogen-
bonding interaction between the N(2)-H(2) proton and the chloride of an adjacent 
molecule leads to a chain like structure [H(2)"·Cl(l) 2.44 A and N(2)-H(2)' .. Cl(l) 
170°] (Fig. 5.13). This type of intermolecular hydrogen-bonding contrasts with that of 
[AuCl{Ph2PN(H)py-P}] in which the hydrogen-bonding interaction is observed 
between the NH proton and the pyridyl nitrogen of adjacent molecules 
[H(2N)' .. N(1A) 2.06 A and N(2)-H(2N) .. ·N(1A) 139°]. The crystal structure of 5.49 
is isomorphous to 5.50 and also forms infinite chains via intermolecular hydrogen 
bonding (not illustrated). This observed tautomerism has also been observed in related 
systems such as 2-amino-1,3,4-thiadiazole in which competitive donor behaviour 
between the heterocyclic and exocyclic nitrogen allows the possibility of amino-imino 
tautomerism (Eqn 5.7).289 
~)=NH 
Eqn 5.7 
Table 5.21 Selected bond lengths (A) and angles CO) for 5.50. 
Cl(1)-Au(1) 2.3102(12) Au(l)-P(l) 2.2304(13) 
P(1)-N(l) 1.656(4) N(1)-C(l3) 1.299(6) 
C(13)-N(2) 1.355(6) C(13)-S(2) 1.766(5) 
Cl(1 )-Au(1 )-P(1) 177.32(5) Au(l )-P(l )-N ( 1) 115.30(15) 
P(1)-N(1)-C(13) 120.7(3) N(1 )-C(13)-N(2) 121.8(4) 
N(1)-C(13)-S(2) 128.3(4) N(2)-C(13)-S(2) 109.9(4) 
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Figure 5.12 Crystal structure of 5.50. 
Figure 5.13 Crystal structure of 5.50 showing a hydrogen-bonded infinite chain. 
The X-ray crystal structure of 5.52 showed that the crystal under study was an 
unexpected decomposition product. The structure 5.53 showed two disparate gold 
molecules with an associated aurophilic interaction (Fig. 5.14). The gold(I) centres 
both display a two-coordinate, roughly linear geometry [P(2)-Au(1)-N(1) 174.71(19) 
and Cl(2)-Au(2)-P(1) 177.94(8)0]. In contrast to the anticipated structure (cf. 5.50), 
the crystal structure verified cleavage of the P-N bond and concurrent oxidation of 
the ligand. The gold(I) centre is coordinated by a [P(O)Ph2r and a 2-amino-6-
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chlorobenzothiazole group whereas the second gold centre [Au(2)] is stabilised by a 
er and a neutral Ph2P(OH) ligand. The Au-Cl [2.308(2) A] and Au-P [2.2338(19) 
and 2.232(2) A] bond lengths are normal, and compare favourably with [J,3-
C6~(0PPh2AuC1)2] [Au-Cl 2.284(3) and 2.295(3), Au-P 2.217(3) and 2.213(3) A]. 
The P-0 bond lengths are very similar [1.555(7) and 1.541(6) A], but longer than 
observed for Ph2PN(H)P(O)Ph2 [1.508(2) A], which exists in the solid state as a 
hydrogen bonded dimer pair. The gold atoms display on aurophilic contact with a 
gold-gold distance of Au(1)···Au(2) 3.1467(11) A. This distance compares well to the 
related tetranuclear system [Au3(J.L-dpmp)2Ch]CF3S03)2 [dpmp = 
bis(diphenylphosphinomethyl)phenylphosphine] [3.1025(11), 3.1059(14) A]325 or the 
trinuclear system [(J.L-dpma)(AuCl)J] (dpma = 
bis[(diphenylphosphino)methyl]phenylarsine) [3.131(1), 3.138(1) A].326 The amine 
group of the thiazole ligand interacts via hydrogen bonding to the phosphoryl oxygen 
forming infinite chains by intermolecular N-H···O hydrogen bonding [0(1)"··N(2) 
2.728 A] (Fig. 5.15). 
Figure 5.14 Crystal structure of 5.53. 
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Figure 5.15 Crystal structure of 5.53 showing a hydrogen-bonded infinite chain. 
Table 5.22 Selected bond lengths (A) and angles CO) for 5.53. 
P(2~0(2) 1.555(7) Au(1~P(2) 2.2338(19) 
Au(l~N(1) 2.076(6) N(1~C(7) 1.326(9) 
C(7~N(2) 1.315(11) C(7~S(1) 1.750(8) 
Au(l~Au(2) 3.1467(11) Au(2~Cl(2) 2.308(2) 
Au(2~P(1) 2.232(2) P(1~(1) 1.541(6) 
0(2~P(2~Au(l) 114.7(2) P(2~Au(1)-N(l) 174.71(19) 
P(2~Au(1~Au(2) 90.73(7) N(l~C(7~N(2) 125.2(7) 
N(1 ~C(7~S(1) 114.2(5) Au(1 ~Au(2)-Cl(2) 96.03(7) 
Au(1 ~Au(2)-P(1) 84.97(9) Cl(2~Au(2~P(1) 177.94(8) 
Au(2~P(1 ~0(1) 114.0(3) 
In an attempt to understand the formation of the gold complex 5.53 a fresh sample 
was made up and a 31PeH} NMR spectrum recorded over a period of 3 weeks. 
Initially the 31PeH} NMR spectrum showed a singlet at <>(P) 57.8 ppm corresponding 
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to 5.52, after 3 days only a singlet at 8 81.6 ppm was observed and no further changes 
were observed after 3 weeks. CDCh is known to contain small amounts of HCl which 
may account for the formation of 5.53, however further investigation is required to 
ascertain exactly how this compound may be formed. 
5.12 Copper(I) Chemistry ofPh2PN(H)R (R = Thiazole group) 
The d10 cationic copper complexes 5.54 - 5.58 were prepared by displacement of 
CH3CN from [Cu(CH3CN)4]PF6 with two equivalents of 5.1 - 5.5 in CH2Ch (Eqn 
5.8). In accordance with the platinum and palladium complexes previously discussed 
(Section 5.8), the two ligands P,N-chelate to the copper centre through both the 
phosphorus(III) and nitrogen donor atoms of the thiazole ring. The 31PeH} NMR 
,~--·, c CMe _c _c , ' ..,... ;,;"" ..,... , ~ = nothing -9' 
'-..... ·' ~ ~ Me ~ Cl ~ 
5.54 5.55 5.56 5.57 5.58 
Eqn 5.8 
spectra (in CDCh) displayed very broad singlets, downfield with respect to the free 
ligands 5.1 - 5.5. The broadness may be attributed to a fluxional process in which the 
ligands inter-convert between chelating and non-chelating modes although other 
factors may be responsible. The peak width at half height ( roy,) for these resonances is 
in the range 70-220 Hz (Table 5.23). The PF6- counterion was observed as a septet 
and centred at 8 -144 ppm for 5.54- 5.58. From theIR spectra a strong v(NH) band at 
ea. 3340 cm"1 was identified, in contrast to the free ligands (range 3112 - 3177 cm-1) 
and previously discussed platinum and palladium complexes (range 3095-3150 cm"1). 
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Table 5.23 31PeH} NMRa,b data for the copper complexes 5.54- 5.58. 
[Cu {Ph2PN(H)R-P,N} 2] 
Compound oP COy. 
R 
N (~ 5.54 40.1 70 
s 
o=N~ 5.55 39.4 220 
s 
Me 
aN~ 5.56 33.7 109 
s 
_{XN~ 5.57 40.5 93 
Me S 
_{XN~ 5.58 39.1 132 
Cl S 
a Spectra measured in CDCI). Chemical shifts [oe1P)] in ppm. Half height peak width 
(coy.) in Hz. b [PF6]" counterion observed as a septet, centred at o(P) -144 ppm. 
Table 5.24 Selected IR data a for 5.54- 5.58. 
Compound v(NH) v(C=N) v(PN) 
5.54 3353,3127 1618 856 
5.55 3335 1591 838 
5.56 3338 1573 840 
5.57 3334 1601 842 
5.58 3343 1618 848 
a Recorded as K.Br pellets. In cm· . 
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Also identified were v(PN) at ea. 845 cm-1 and v(C=N) at 1600 cm-1, which occur at 
similar wavelengths to those observed for 5.28 - 5.38. The microanalytical data were 
in good agreement with calculated values. 
5.13 Coordination Studies of the Sulfides 5.11 and 5.15 
5.13.1 Coordination studies of the sulfide 5.11 
Reaction of5.11 with [PdCh(cod)] in MeOH, followed by deprotonation with 1BuOK 
yielded a bright yellow solid 5.60 in virtually quantitative yield (99%) (Scheme 5.3). 
No attempts to isolate the intermediates 5.59a and 5.59b were made. The 31PeH} 
NMR spectrum of 5.60 (in CDCh) showed two resonances in a 1 :2 ratio at o(P) 32.2 
ppm and o(P) 31.4 ppm, tentatively assigned as a mixture of cis and trans isomers. 
The IR spectrum showed no bands assignable to v(NH) and v(PdCl) confirming that 
deprotonation and S,N-chelation had probably occurred. Bands at 972 cm-1 and 600 
cm-1 were assigned to v(PN) and v(P=S) respectively. 
(s H H s) }--~ ~~I 
s N ,,PP~ P~P.. N , .. Cl, ,S s, .Cl (N ,PPh, (i) Pd + Pd }-N .... c1/ ·s c1/ ·s 
S H ,, ,, (N ,PPh, (N ,PPh, 
}-N }-N 
S H S H 
5.59a 5.59b 
~(ii) 
S V !':I·~ PP~ P~P~~-ys 
\_: ;1 s; "N-/ N, ,.S 
' ,. Pd + /p~ / ' 
r-N, .S r-N, .S ~ •I ~ ;I 
s ·N~PP~ ·--·'PP~ S N" 
5.60a 5.60b 
Scheme 5.3 (i) [PdCh(cod)], MeOH (ii) 1Bu0K, MeOH. 
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The reaction described previously was repeated, however, in an attempt to achieve 
N,N-coordination, the sulfide 5.11 was deprotonated first using 1BuOK and then 
[PdCh(cod)] was added. The 31P{ 1H} NMR spectrum showed several peaks, two of 
which could be identified as cis and trans isomers of 5.60. No attempt to separate or 
identify the other species were made. 
Attempts to prepare the platinum analogue of 5.60 as a mixture of cis/trans isomers 
gave a solid whose 31PeH} NMR spectrum showed four distinct resonances, two of 
which displayed 195Pt satellites [8 25.2 ppm, 2J(PPt) 93 Hz, 8 33.1 ppm 2J(PPt) 62 
Hz]. The other resonances have not been assigned. 
5.13.2 X-ray crystal structure of 5.60b 
Dark orange crystals suitable for X-ray crystallography were obtained by allowing an 
NMR sample of 5.60 to stand and slowly evaporate over a period of five days. The 
crystal structure showed a trans orientation of the ligands, selected bond lengths and 
angles are given in Table 5.25 and the molecular structure shown in Fig. 5.16. The 
two anionic ligands are coordinated in a bidentate mode to the palladium(II) centre 
which is essentially square planar. The complex consists of two chemically and 
geometrically equivalent M-S-P-N-C-N rings since the molecule lies on an inversion 
centre. The Pd(1)-S(l)-P(l)-N(2)-C(l)-N(1) has a puckered pseudo-boat-like 
Table 5.25 Selected bond lengths (A) and angles CO) for 5.60. 
Pd(1)-S(1) 2.3365(5) N(2)-C(l) 1.329(3) 
S(1)-P(1) 2.0214(8) C(1)-N(l) 1.339(3) 
P(1)-N(2) 1.6034(19) N(1)-Pd(1) 2.0334(18) 
N(l )-Pd(1 )-N(lA) 180.0 S(1 )-Pd(1 )-S(lA) 180.0 
S(l )-Pd( 1 )-N (1) 90.70(5) S(1A)-Pd(l )-N(l) 89.30(5) 
S(1 )-Pd(1 )-N(1A) 89.30(5) P(1)-N(2)-C(1) 123.78(16) 
Pd(l)-S(1)-P(1) 98.05(3) N(2)-C(1)-N(1) 129.4(2) 
S(1)-P(l)-N(2) 117.39(7) C(1)-N(1)-Pd(1) 124.06(15) 
S(2)-C(1)-N(l) 111.49(16) 
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geometry. Within the metallacycle there is a slight contraction in the P-N bond length 
compared to those seen for 5.5, 5.12, 5.14 and 5.45. The two N-C bonds are very 
similar in length [N(2)-C(1) 1.329(3) and C(1)-N(1) 1.339(3) A], and the P-S bond is 
longer than observed in the sulfides 5.14 and 5.12, indicating loss of double bond 
character and a degree of delocalisation within the metallocycle. The P-N-C bond 
angle [123.78(16)0 ] is much larger than observed in the platinum complex 5.39 in 
which five-membered metallacycles are formed [11 0.9(3) and 111.3(3)0 ]. Re-analysis 
of the crystals by 31P{ 1H} NMR showed the cis/trans ratio to still be 1:2 indicating no 
selective crystallisation had occurred. 
Figure 5.16 Crystal structure of 5.60. 
5.13.3 Synthesis and characterisation of 5.62 and 5.63 
An alternative approach to the coordination chemistry described above (Section 
5.13 .1) is to isolate the deprotonated phosphorus(V) compound first, prior to 
coordination as opposed to a 'one-pot' synthesis. Described here is the coordination 
chemistry of 5.25, the deprotonated sulfide of 5.5. Reaction of 5.25 with [ {MCl(J.t-
Cl)(rJ5-C5Me5)}2] (M= lr, Rh) gave the complexes 5.62 and 5.63 in 78 and 77% yield 
respectively (Scheme 5.4). The 31PeH} NMR spectra displayed a single resonance 
for both the iridium and rhodium complexes 5.62 and 5.63 at <>(P) 23.3 ppm and <3(P) 
28.0 ppm respectively, an upfield shift of20 ppm with respect to 5.25. The 1H NMR 
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Cl 
I~ 
N: 0 ~nJ "' Rh :N 
'r·~·s ~ Cl' 'N=={ 
P;2t ~s 
Cl 
5.63 
Scheme 5.4 (i) [{IrCl(~-Cl)(11 5-CsMes)}2], thf(ii) [{RhCl(~-Cl)(115-CsMes)}2], thf. 
spectra showed resonances typical of aromatic protons [D(H) 8.20-7.16 ppm for 5.62, 
D(H) 8.15-7.18 ppm for 5.63]. Furthermore, doublet resonances assigned to the ,s_ 
C5Me5 ancillary ligands were also observed in the 1H NMR spectra [D(H) 1.36 ppm, 
4J(PH) 1 Hz for 5.62; D(H) 1.37 ppm, no 4J(PH) observed for 5.63]. The 
microanalytical data obtained for the rhodium and iridium complexes were in good 
agreement with calculated values. The positive-ion F AB mass spectra did not display 
the expected parent-ion peaks; instead prominent peaks were identified as [M-Clt. 
5.13.4 X-ray crystal structure of 5.62 
Suitable crystals of 5.62 for X-ray crystallography were obtained by slow diffusion of 
EhO into a CDCh solution. The crystal structure (Fig. 5.17) showed that the molecule 
has a three-legged 'piano stool' structure with the iridium centre coordinated by a 115-
CsMes, one chloride and an S,N-anionic ligand. The Ir(1}-S(1}-P(1}-N(2)-C(23)-
N(1) metallacycle has a puckered pseudo-boat like six-membered ring geometry (Fig. 
5.18). Analogous to the palladium complex 5.60 there is a slight contraction in the 
P(1}-N(2) bond length, elongation and shortening of N(1}-C(23) and C(23}-N(2) 
respectively and lengthening of P(1 }-S(l ), as a consequence of deprotonation and 
coordination. TheIr-Cl bond length [2.4143(10) A] is typical and compares well with 
[IrCh(11 5-C5Mes){Ph2PN(H)C6~PPh2-P}] [2.4254(12), 2.4011(13) A]. The N(1}-
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lr(l)-S(l) bond angle [88.21(9)0] compares well to that seen for the S(l)-Pd(l)-N(l) 
angle of5.60 [90.70(5) and 89.30(5)0]. 
C8 
Ct4 
Cl2 
Figure 5.17 Crystal structure of 5.62. 
Figure 5.18 The core geometry in 5.62. 
250 
Table 5.26 Selected bond lengths (A) and angles CO) for 5.62. 
Ir(l)-S(1) 2.4123(10) N(2)-C(23) 1.322(5) 
S(l)-P(1) 2.0140(15) C(23)-N(1) 1.337(5) 
P(l)-N(2) 1.607(3) N(l)-Ir(1) 2.122(3) 
Ir(1)-C range 2.167(4)- 2.175(4) Ir(1 )-Cl(1) 2.4143(10) 
Cl(1 )-Ir(1 )-S(1) 82.88(4) Cl(l)-Ir(1)-N(1) 90.88(10) 
N(l)-Ir(1)-S(1) 88.21(9) Ir(1 )-S(l )-P(1) 101.19(5) 
S(l)-P(1)-N(2) 117.45(13) P(1 )-N(2)-C(23) 124.2(3) 
N(2)-C(23)-N(1) 130.7(4) Ir( 1 )-N ( 1 )-C(23) 121.9(3) 
S(2)-C(23)-~(1) 112.8(3) C-Ir(l )-C range 38.83(15)- 65.06(15) 
5.14 Conclusions 
In Chapter 5 the facile synthesis of an original series of (phosphino )amine thiazole 
modified ligands has been described. The incorporation of a thiazole ligand permits 
an additional site adjacent to the phosphorus atom to be available for coordination. It 
has been demonstrated that the thiazole ligands exhibit a variety of coordination 
modes including P-monodentate and P,N-bidentate. Furthermore, the ligands or the 
coordinated ligands can be deprotonated and incorporated into a metallacycle thus 
extending the range of complexes available. Preliminary studies regarding the 
coordination chemistry of the chalcogenide species of the ligands have shown that 
they act as a S,N-bidentate, as in 5.60 - 5.63. Related compounds of the oxides and 
selenides remain, as yet, unexplored. Another potential area of investigation is 
whether further complexes in which the ligands are coordinated in an anionic N,N' 
donor situation, similar to that seen by amidinates and triazenides, could be 
achieved.310 The bidentate coordination is observed via the nitrogen atom in the 
thiazole heterocycle rather than the sulfide, allowing the possibility of their use as 
potential precursors for the construction of bimetallic systems if the sulfide could be 
activated for coordination. The interesting coordination properties of these systems 
may have useful implications in homogeneous catalysis. 
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CHAPTERS 
EXPERIMENTAL 
E.l General experimental conditions 
Unless otherwise stated, manipulations were performed under an oxygen-free nitrogen 
atmosphere using standard Schlenk techniques. All solvents and reagents were 
purchased from Aldrich, Fluorochem or Lancaster and used as received. Diethyl ether, 
light petroleum and tetrahydrofuran were purified by refluxing over sodium-
benzophenone and distillation under nitrogen. Toluene was purified by refluxing over 
sodium and distillation under an atmosphere of nitrogen. Dichloromethane and 
acetonitrile were heated to reflux over powdered calcium hydride and distilled under 
nitrogen. The following starting materials were prepared according to literature 
methods: 
Platinum Starting Materials: 
[PtX2(cod)] (X= Cl, Br, I, Me)327"329 
Palladium Starting Materials: 
[PdCh( cod)]. 330 
Rhodium Starting Materials: 
[ {Rh(J.L-Cl)( cod) }2], 331 [ {RhCl(J.L-Cl)( TJ 5 -C5Me5) }2]. 332 
Ruthenium Starting Materials: 
[ {RuCl(J.L-Cl)( 116 -p-MeC6HiPr) }2],333 [ {RuCl(J.L-Cl)( 116 -C6H6) }2], 333 [ {RuCl(J.L-Cl)( 116-
C6Me6)}2],334 [RuCh(DMS0)4].335 
Iridium Starting Material: 
[ {IrCl(J.L-Cl)( 115 -C5Me5) h]. 332 
Gold Starting Material: 
[AuCl(tht)].336 
Infra-red spectra were recorded as KBr pellets in the range 4000-220 cm·1 on a 
Perkin-Elmer System 2000 Fourier-transform spectrometer, 1H NMR spectra (250 or 
400MHz) on a Bruker AC250 FT or FX400 FT spectrometer with o referenced to 
external SiMe4. 31P{1H} NMR spectra (36.2, 101.3 or 162.0 MHz) either on a JEOL 
FX90Q, Bruker AC250 FT or FX400 FT spectrometer with o referenced to external 
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H3P04. Microanalyses were performed by the Loughborough University Service 
within this department and fast atom bombardment (F AB) mass spectra by either the 
Swansea Mass Spectrometry Service or the Loughborough University Service within 
this department. 
E.2 Chapter 2 
E.2.1 Ester and keto substituted Ph2PN(H)R ligands 
2-C(O)MeC6~N(H)PPh2 2.1. To a stirred solution of 2-C(O)MeC6H.tNH2 (3.380 g, 
25.0 mmol) in NEt3 (2.530 g, 25.0 mmol) and Et20 (50 cm3) was added Ph2PC1 
(5.520 g, 25.0 mmol) in Et20 (20 cm3) dropwise over 30 min whilst the temperature 
was maintained at ea. 0 °C. After the addition of further Et20 (20 cm3) the mixture 
was stirred for 42 h. The solvent was evaporated to dryness under reduced pressure 
and degassed distilled water (50 cm3) added. The solid was filtered off by suction 
filtration, washed with distilled water (50 cm\ hexane (50 cm3) and absolute ethanol 
(2 x 30 cm3) and dried overnight in vacuo. Yield 7.291 g, 91%. FAB+ MS: m/z 319 
[M"]. 
2-C(O)PhC6H4N(H)PPh2 2.2. To a stirred suspension of 2-C(O)PhC6l4NH2 (4.467 
g, 22.6 mmol) in NEt3 (2.310 g, 23.4 mmol) and EhO (80 cm3) was added Ph2PCl 
(5.024 g, 22.8 mmol) in Et20 (20 cm3) dropwise over 30 min whilst the temperature 
was maintained at ea. 0 °C. After addition of further Et20 (20 cm3) the mixture was 
stirred for ea. 3 d. The solvent was evaporated to dryness under reduced pressure and 
degassed distilled water ( 60 cm3) added. The solid was filtered by suction filtration, 
washed with distilled water (30 cm3), cold absolute ethanol (3 x 25 cm3) and dried 
overnight in vacuo. Yield 5.800 g, 67%. FAB+ MS: mlz 381[W]. 
2-C(O)OMeC6H4N(H)PPh2 2.3. To a stirred solution of 2-C(O)OMeC6!4NH2 (3.464 
g, 22.7 mmol) in NEt3 (3.060 g, 30.2 mmol) and Et20 (40 cm3) was added Ph2PCl 
(6.276 g, 28.4 mmol) in Et20 (10 cm3) dropwise over 35 min whilst the temperature 
was maintained at ea. 0 °C. After the addition of further Et20 (20 cm3) the mixture 
was stirred for 3 d. The solvent was evaporated to dryness under reduced pressure and 
degassed distilled water (50 cm3) added. The solid was filtered by suction filtration, 
washed with distilled water (3 x 25 cm\ hexane (50 cm3) and washed with cold 
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absolute ethanol (2 x 30 cm3) and dried overnight in vacuo. Yield 4.404 g, 57%. 
FAB+ MS: mlz 336 [M+ H], 352 [M+ 0]. 
2,S-{C(O)OMe}2C6H3N(H)PPh2 2.4. To a stirred suspension of 2,5-
{C(O)OMehC6H3NH2 (4.725 g, 22.6 mmol) in NEt3 (3.140 g, 31.0 mmol) and EhO 
(100 cm3) was added Ph2PCl (6.040 g, 27.4 mmol) in EhO (10 cm3) dropwise over 30 
min whilst the temperature was maintained at ea. 0 °C. After addition of further EhO 
(20 cm3) the mixture was stirred for 4 d. The solvent was evaporated to dryness under 
reduced pressure and degassed distilled water (50 cm3) added. The solid was filtered 
by suction filtration, washed with distilled water (50 cm\ hexane (50 cm3) and cold 
absolute ethanol (2 x 50 cm3) and dried overnight in vacuo. Yield 6.643 g, 75%. 
FAB+ MS: mlz 394 [M+ H]. 
Table E.2.1 Microanalytical data a for the ligands 2.1 - 2.4. 
Compound 
2.1 2-C(O)MeC6IltN(H)PPh2.0.25H20 
2.2 2-C(O)PhC6IltN(H)PPh2.0.25H20 
2.3 2-C(O)OMeC6IltN(H)PPh2 
2.4 2,5-{C(O)OMe}2C6H3N(H)PPh2 
a In %, calculated values in parentheses. 
c 
74.57 (74.17) 
77.26 (77.80) 
71.62 (71.63) 
65.56 (65.66) 
H 
5.91 (5.76) 
5.24 (5.31) 
5.32 (5.41) 
5.04 (5.26) 
E.2.2 Chalcogenide compounds of the (phosphino )amines 2.1 - 2.4 
N 
4.32 (4.32) 
3.21 (3.63) 
3.63 (4.18) 
3.77 (3.48) 
2-C(O)MeC61LtN(H)P(O)Ph2 2.5. Aqueous H202 (30% w/w, 0.2 cm3, 1.76 mmol) 
was added to a solution of 2.1 (0.350 g, 1.04 mmol) in thf (1 0 cm3) and the mixture 
stirred for 18 h. The solvent was concentrated in vacuo to ea. 1-2 cm3 and addition of 
Et20 (30 cm3) gave a white solid 2.5. The product was collected by suction filtration 
and dried in vacuo. Yield 0.307 g, 84%. F AB+ MS: mlz 336 [M+ H]. 
2-C(O)PhC6H4N(H)P(O)Ph2 2.6. As for 2.5 using 2.2 (0.250 g, 0.655 mmol) and 
H20 2 (0.1 cm3, 0.88 mmol). Yield 0.210 g, 80%. 
2-C(O)OMeC6H4N(H)P(O)Ph2 2.7. As for 2.5 using 2.3 (0.250 g, 0.745 mmol) and 
H20 2 (0.1 cm3, 0.88 mmol). Yield0.159 g, 61%. 
2,5-{C(O)OMe}2C6HJN(H)P(O)Ph2 2.8. As for 2.5 using 2.4 (0.250 g, 0.635 mmol) 
and H202 (0.1 cm3, 0.88 mmol). Yield 0.265 g, 98%. 
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2-C(O)MeC6RaN(H)P(S)Ph2 2.9. 2-C(O)MeC6I!tN(H)PPh2 (0.250 g, 0.784 mmol) 
and elemental sulfur (0.024 g, 0.749 mmol) were stirred in thf (20 cm3) for 18 h. The 
solvent was concentrated in vacuo to ea. 1-2 cm3 and addition of EhO (30 cm3) gave 
a pale yellow solid 2.9. The product was collected by suction filtration and dried in 
vacuo. Yield 0.190 g, 71%. 
2-C(O)PhC6H4N(H)P(S)Ph2 2.10. As for 2.9 using 2.2 (0.250 g, 0.655 mmol) and 
elemental sulfur (0.021 g, 0.655 mmol). Yield 0.225 g, 83%. 
2-C(O)OMeC6H4N(H)P(S)Ph2 2.11. As for sulfide 2.9 using 2.3 (0.250 g, 0.745 
mmol) and elemental sulfur (0.024 g, 0.749 mmol). Addition of n-hexane (20 cm3) 
gave a white solid. Yield 0.222 g, 81%. 
2,5-{C(O)OMehC6HJN(H)P(S)Ph2 2.12. As for sulfide 2.9 using 2.4 (0.250 g, 0.635 
mmol) and elemental sulfur (0.020 g, 0.624 mmol). Yield 0.201 g, 74%. 
2-C(O)MeC6H4N(H)P(Se)Ph2 2.13. 2-C(O)MeC6HtN(H)PPh2 (0.250 g, 0.784 mmol) 
and grey selenium were stirred in thf (20 cm3) for 18 h. Unreacted Se was removed by 
filtration through a Celite pad. The solvent was concentrated in vacuo to ea. 1-2 cm3 
and addition of pet. ether 60-80 °C (20 cm3) gave a pale yellow solid 2.13. The 
product was collected by suction filtration and dried in vacuo. Yield 0.137 g, 44%. 
2-C(O)PhC6H4N(H)P(Se)Ph2 2.14. As for 2.13 using 2.2 (0.250 g, 0.655 mmol) and 
grey selenium (0.051 g, 0.646 mmol). Yield 0.202 g, 67%. 
Table E.2.2 Microanalytical data3 for the oxidised (phosphino )amines 2.5- 2.16. 
Compound 
2.5 2-C(O)MeC6HtN(H)P(O)Ph2 
2.6 2-C(O)PhC6HtN(H)P(O)Ph2.0.5H20 
2. 7 2-C(O)OMeC6HtN(H)P(O)Ph2 
2.8 2,5-{C(O)OMe}2C6H3N(H)P(O)Ph2 
2.9 2-C(O)MeC6I!tN(H)P(S)Ph2.0.25CH2Ch 
2.10 2-C(O)PhC6HtN(H)P(S)Ph2 
2.11 2-C(O)OMeC6HtN(H)P(S)Ph2 
2.12 2,5-{C(O)OMehC6H3N(H)P(S)Ph2 
2.13 2-C(O)MeC6HtN(H)P(Se)Ph2 
2.14 2-C(O)PhC6HtN(H)P(Se )Ph2 
2.15 2-C(O)OMeC6HtN(H)P(Se )Ph2 
2.16 2,5-{C(O)OMehC6H3N(H)P(Se)Ph2 
a In %, calculated values in parentheses. 
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c 
71.44(71.63) 
73.91 (73.87) 
67.81 (68.37) 
62.85 (63.15) 
65.19 (65.27) 
72.21 (72.68) 
65.61 (65.38) 
61.80 (62.11) 
60.44 (60.31) 
64.99 (65.25) 
58.16 (57.98) 
55.55 (55.94) 
H 
5.39 (5.42) 
5.20 (5.21) 
2.27 (5.17) 
4.94 (5.07) 
5.01 (5.00) 
4.92 (4.88) 
4.86 (4.39) 
4.82 (4.74) 
4.34 (4.55) 
4.27 (4.38) 
4.26 (3.89) 
4.33 (4.27) 
N 
4.07 (4.18) 
3.11 (3.45) 
3.97 (3.99) 
3.23 (3.35) 
3.75 (3.75) 
3.20 (3.39) 
3.45 (3.81) 
3.23 (3.29) 
3.12 (3.52) 
2.59 (3.04) 
2.85 (3.38) 
2.76 (2.97) 
2-C(O)OMeC6H4N(H)P(Se)Ph2 2.15. As for 2.13 using 2.3 (0.250 g, 0.745 mmol) 
and grey selenium (0.059 g, 0.747 mmol). Addition of n-hexane (20 cm3) afforded an 
off-white solid. Yield 0.231 g, 81%. 
2,5-{C(O)OMehC6HJN(H)P(Se)Ph2 2.16. As for 2.13 using 2.4 (0.250 g, 0.635 
mmol) and grey selenium (0.050 g, 0.633 mmol). Yield 0.250 g, 83%. 
E.2.3 Platinum(II) and palladium(II) complexes of the (phosphino )amines 2.1 -
2.4 
cis-[PtCh{2-C(O)MeC6H4N(H)PPh2h] 2.17. To a CH2Ch (40 cm3) solution of 
[PtCh(cod)] (0.310 g, 0.829 mmol) was added 2.1 (0.530 g, 1.66 mmol), as a solid in 
one portion. After stirring for 1.5 h the volume was concentrated in vacuo to ea. 1-2 
cm3. Addition ofEt20 (40 cm3) gave an off-white solid. Yield 0.656 g, 87%. 
cis-[PtCh{2-C(O)PhC6H4N(H)PPh2h] 2.18. As for 2.17 using [PtCh( cod)] (0.150 g, 
0.401 mmol) and 2.2 (0.306 g, 0.802 mmol). Yield 0.394 g, 95%. 
cis-[PtCh{2-C(O)OMeC6~N(H)PPh2h] 2.19. As for 2.17 using [PtCh(cod)] (0.028 
g, 0.075 mmol) and 2.3 (0.051 g, 0.152 mmol). Yield 0.051 g, 72%. 
cis-[PtCh{2,5-{C(O)OMe}2C6HJN(H)PPh2h] 2.20. As for 2.17 using [PtCh(cod)] 
(0.095 g, 0.254 mmol) and {2,5-{C(O)OMe}2C6H3N(H)PPh2 2.4 (0.200 g, 0.508 
mmol). Addition of pet. ether (60- 80 °C) (15 cm3) gave a white solid. Yield 0.261 g, 
98%. 
cis-[PtMe2{2-C(O)MeC6H4N(H)PPh2h] 2.21. To a toluene (1 0 cm3) solution of 
[PtMe2(cod)] (0.077 g, 0.231 mmol) was added 2.1 (0.148 g, 0.463 mmol) as a solid 
in one portion. After stirring for 15 min the volume was concentrated in vacuo to ea. 
1-2 cm3. Addition of Et20 (30 cm3) gave an off-white solid. Yield 0.172 g, 86%. 
cis-[PtMe2{2-C(O)PhC6H4N(H)PPh2h] 2.22. As for 2.21 using [PtMe2(cod)] (0.100 
g, 0.300 mmol) and 2.2 (0.229 g, 0.600 mmol). Addition of pet. ether ( 60- 80 °C) (15 
cm3) afforded a yellow solid. Yield 0.272 g, 92%. 
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cis-[PtMe2{2-C(O)OMeC6H4N(H)PPh2}2] 2.23. As for 2.21 usmg [PtMe2(cod)] 
(0.100 g, 0.300 mmol) and 2.3 (0.201 g, 0.600 mmol). Addition ofEt20 (3 cm3) and 
hexane (15 cm3) gave a yellow solid. Yield 0.182 g, 75%. 
cis-[PtMe2{2,5-{C(O)OMe}2C6H3N(H)PPh2}2] 2.24. As for 2.21 using [PtMe2(cod)] 
(0.100 g, 0.300 mmol) and 2.4 (0.237 g, 0.600 mmol). Addition of pet. ether (60- 80 
°C) (30 cm3) gave an off-white solid. Yield 0.271 g, 89%. 
cis/trans-[PdCh{2-C(O)MeC6H4N(H)PPh2hl 2.25. To a CH2Ch (10 cm3) solution 
of [PdCh( cod)] (0.050 g, 0.175 mmol) was added 2.1 (0.112 g, 0.351 mmol) as a solid 
in one portion. After stirring for 1 h the volume was concentrated in vacuo to ea. 1-2 
cm3• Addition ofEt20 (10 cm3) gave a pale yellow solid. Yield 0.109 g, 76%. 
trans-[PdCh{2-C(O)PhC6H4N(H)PPh2hl 2.26. As for 2.25 using [PdCh(cod)] 
(0.100 g, 0.351 mmol) and 2.2 (0.267 g, 0.700 mmol). Yield 0.272 g, 92%. 
trans-[PdCh{2-C(O)OMeC6H4N(H)PPh2}2] 2.27 As for 2.25 using [PdCh(cod)] 
(0.110 g, 0.385 mmol) and 2.3 (0.258 g, 0.769 mmol). Addition of Et20 (15 cm3) 
gave a yellow solid. Yield 0.264 g, 82%. 
trans-[PdCh{2,5-{C(O)OMe}2C6HJN(H)PPh2}2] 2.28. As for 2.25 usmg 
[PdCh(cod)] (0.060 g, 0.255 mmol) and 2.4 (0.200 g, 0.508 mmol). Yield 0.180 g, 
73%. 
E.2.4 Gold(I) complexes of the (phosphino )amines 2.1 - 2.4 
[AuCI{2-C(O)MeC6H4N(H)PPh2}] 2.30. [AuCl(tht)] (0.051 g, 0.159 mmol) was 
dissolved in CH2Ch (10 cm3) and 2.1 (0.051 g, 0.159 mmol) added as a solid in one 
portion. The mixture was stirred in the dark for 30 min and reduced in volume to ea. 
1-2 cm3• Pet. ether (60- 80 °C) (20 cm3) was added to afford an off-white solid 2.30 
which was collected by suction filtration and dried in vacuo. Yield 0.061 g, 73%. 
[AuCI{2-C(O)PhC6~N(H)PPh2}] 2.31. As for 2.30 using [AuCl(tht)] (0.073 g, 
0.227 mmol) and 2.2 (0.087 g, 0.228 mmol). Precipitation using EhO (5 cm3) and pet. 
ether (60- 80 °C) (20 cm3) gave 2.31. Yield 0.132 g, 94%. 
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Table E.2.3 Microanalytical data a for the platinum(II) and palladium(II) compounds of 2.17 - 2.28. 
Compound 
2.17 cis-[PtCh{ 2-C(O)MeC6I!tN(H)PPh2}2].0.25CH2Ch 
2.18 cis-[PtCh { 2-C(O)PhC6I!tN(H)PPh2}2].0.25CH2Ch 
2.19 cis-[PtCh{2-C(O)OMeC6I!tN(H)PPh2 }2] 
2.20 cis-[PtCh{2,5-{C(O)OMe}2C6HJN(H)PPh2}2]CHCh 
2.21 cis-[PtMe2{2-C(O)MeC6I!tN(H)PPh2}2] 
2.22 cis-[PtMe2{2-C(O)PhC6I!tN(H)PPh2}2] 
2.23 cis-[PtMe2 { 2-C(O)OMeC6I!tN(H)PPh2 }2].0.25CH2Ch 
2.24 cis-[PtMe2 { 2, 5-{ C(O)OMe }2C6H3N(H)PPh2}2] 
2.25 cis/trans-[PdCh{2-C(O)MeC6I!tN(H)PPh2}2].0.25CH2Ch 
2.26 trans-[PdCh{2-C(O)PhC6I!tN(H)PPh2}2].0.25CH2Ch 
2.27 trans-[PdCh{2-C(O)OMeC6I!tN(H)PPh2}2].0.25CH2Ch 
2.28 trans-[PdCh { 2, 5-{ C(O)OMe }2C6HJN(H)PPhz}2].0.25CH2Ch 
a In %, calculated values in parentheses. 
Table E.2.4 Microanalytical data a for the gold(I) compounds 2.30 - 2.33. 
Compound 
2.30 [AuCl { 2-C(O)MeC6HtN(H)PPhz} ].0.5CH2Ch 
2.31 [AuCl { 2-C(O)PhC6I!tN(H)PPh2} ].0.25CH2Ch 
2.32 [AuCl { 2-C(O)OMeC6I!tN(H)PPh2} ].0.25CH2Ch 
2.33 [AuC1{2,5-{C(O)OMe}2C6HJN(H)PPh2}].0.25CH2Ch 
a In %, calculated values in parentheses. 
c 
51.73 (52.21) 
56.98 (57.47) 
51.19 (51.29) 
45.72 (46.11) 
57.95 (58.39) 
62.78 (63.22) 
55.65 (55.33) 
54.53 (54.60) 
57.57 (57.74) 
62.45 (62.77) 
55.78 (55.62) 
53.34 (53.94) 
c 
42.59 (42.58) 
48.75 (48.99) 
41.06 (41.29) 
40.81 (41.30) 
H 
3.70 (3.97) 
3.81 (3.87) 
3.81 (3.88) 
3.51 (3.53) 
4.57 (4.91) 
4.77 (4.69) 
4.57 (4.25) 
4.72 (4.58) 
4.54 (4.39) 
4.13 (4.25) 
4.29 (4.23) 
4.12 (4.14) 
H 
3.24 (3.31) 
3.07 (3.34) 
3.24 (3.17) 
2.96 (3.19) 
N 
2.52 (3.03) 
2.54 (2.66) 
2.97 (2.99) 
2.39 (2.22) 
3.21 (3.24) 
2.42 (2.84) 
2.80 (3.05) 
2.61 (2.77) 
3.44 (3.35) 
2.84 (2.91) 
3.28 (3.22) 
1.57 (2.84) 
N 
2.17 (2.42) 
2.17 (2.26) 
2.17 (2.38) 
1.96 (2.16) 
[AuCI{2-C(O)OMeC6H4N(H)PPh2}] 2.32. As for 2.30 using [AuCl(tht)] (0.050 g, 
0.159 mmol) and 2.3 (0.051 g, 0.152 mmol). Addition ofEt20 (5 cm3) and pet. ether 
(60- 80 °C) (20 cm3) yielded an off white solid. Yield 0.058 g, 67%. 
[AuCI{2,5-{C(O)OMe}2C6HJN(H)PPh2}] 2.33. As for 2.30 using [AuCl(tht)] 
(0.050 g, 0.159 mmol) and 2.4 (0.060 g, 0.153 mmol). Addition ofEhO (10 cm3) and 
pet. ether (60- 80 °C) (10 cm3) yielded an off white solid. Yield 0.067 g, 70%. 
E.2.5 Rhodium (Ill) complexes of the (phosphino )amines 2.1 - 2.4 
[RhCh(TJ5 -CsMes){2-C(O)MeC6~N(H)PPh2}] 2.34. [ {RhCl(J.1-Cl)(TJ5 -CsMes) }2] 
(0.070 g, 0.113 mmol) and 2.1 (0.072 g, 0.225 mmol) were stirred in CH2Ch (20 cm3) 
for 20 min. The solvent was removed in vacuo to ea. 1-2 cm3• Addition of Et20 (15 
cm3) gave a red I orange solid 2.34. Yield 0.135 g, 95%. 
[RhCh(TJ5-C5Me5){2-C(O)PhC6H4N(H)PPh2}] 2.35. As for 2.34 using [{RhCl(J.1-
Cl)(TJ5-C5Me5)}2] (0.070 g, 0.113 mmol) and 2.2 (0.086 g, 0.225 mmol). Yield 0.155 
g, 99%. 
[RhCh(TJ5-C5Me5){2-C(O)OMeC6H4N(H)PPh2}] 2.36. As for 2.34 using [{RhCl(J.1-
Cl)(TJ5-C5Me5)}2] (0.070 g, 0.113 mmol) and 2.3 (0.076 g, 0.225 mmol). Yield 
0.123 g, 84%. 
[RhCh(TJ5-C5Me5){2,5-{C(O)OMe}2C6HJN(H)PPh2}] 2.37. As for 2.34 usmg 
[{RhCl(J.1-Cl)(TJ5-C5Me5)}2] (0.065 g, 0.105 mmol) and 2.4 (0.083 g, 0.210 mmol). 
Yield 0.132 g, 89%. 
[RhCh(TJ5-CsMes){C6HsN(H)PPh2}] 2.38. As for 2.34 using [{RhCl(J.1-Cl)(TJ5-
CsMes)h] (0.099 g, 0.160 mmol) and C6HsN(H)PPh2 (0.088 g, 0.320 mmol). Yield 
0.184 g, 98%. 
E.2.6 Ruthenium(II) complexes of the (phosphino )amines 2.1 - 2.4 
[RuCh(TJ6-p-MeC6HlPr){2-C(O)MeC6H4N(H)PPh2}] 2.39. To a CH2Ch (30 cm3) 
solution of [{RuCl(J.1-Cl)(TJ6-p-MeC6H/Pr)}2] (0.152 g, 0.248 mmol), was added 2.1 
(0.162 g, 0.507 mmol) as a solid in one portion. After stirring for 35 min, the volume 
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was concentrated in vacuo to ea. 1-2 cm3• Addition of pet. ether (60- 80 °C) (20 cm3) 
gave an orange I brown solid. Yield 0.267 g, 84%. 
[RuCh(Tt6-p-MeC6H./Pr){2-C(O)PhC61LaN(H)PPh2}] 2.40. As for 2.39 usmg 
[{RuCl(J.t-Cl)(Tt6-p-MeC6H/Pr)}2] (0.136 g, 0.222 mmol) and 2.2 (0.170 g, 0.446 
mmol). Yield 0.279 g, 91%. 
6 . (RuCh(Tt -p-MeC6HiPr){2-C(O)OMeC6H4N(H)PPh2}] 2.41. As for 2.39 usmg 
[{RuCl(J.t-Cl)(Tt6-p-MeC6~;Pr)h] (0.073 g, 0.119 mmol) and 2.3 (0.080 g, 0.239 
mmol). Yield 0.136 g, 89%. 
[RuCh(Tt6-p-MeC6H./Pr){2,5-{C(O)OMe}2C6HJN(H)PPh2}] 2.42. As for 2.39 using 
[{RuCl(J.t-Cl)(Tt 6-p-MeC6~;Pr)h] (0.153 g, 0.250 mmol) and 2.4 (0.201 g, 0.510 
mmol). Yield 0.315 g, 88%. 
[RuCh(Tt6 -C6Me6){2-C(O)MeC6H4N(H)PPh2}] 2.43. To a CH2Ch (30 cm3) solution 
of [{RuCl(J.t-Cl)(Tt6-C6Me6)h] (0.100 g, 0.150 mmol) was added 2.1 (0.096 g, 0.301 
mmol) as a solid in one portion. After stirring for 20 min the mixture was filtered 
through a small Celite pad and the volume concentrated in vacuo to ea. 1-2 cm3• 
Addition of pet. ether (60- 80 °C) (15 cm3) gave an orange I brown solid. Yield 
0.178 g, 91%. 
[RuCh(Tt6-C6Me6){2-C(O)PhC61LaN(H)PPh2}] 2.44. As for 2.43 using [{RuCl(J.l-
Cl)(Tt6-C6Me6)}2] (0.099 g, 0.144 mmol) and 2.2 (0.116 g, 0.300 mmol). Yield 0.170 
g, 78%. 
(RuCh(Tt6-C6Me6){2-C(O)OMeC61LaN(H)PPh2}] 2.45. As for 2.43 using [{RuCl(J.l-
Cl)(Tt6-C6Me6)}2] (0.100 g, 0.150 mmol) and 2.3 (0.100 g, 0.298 mmol). Yield 0.167 
g,84%. 
(RuCh(Tt6-C6Me6){2,5-{C(O)OMe}2C6HJN(H)PPh2}] 2.46. As for 2.43 usmg 
[{RuCl(J.t-Cl)(Tt6-C6Me6)}2] (0.102 g, 0.153 mmol) and 2.4 (0.124 g, 0.315 mmol). 
Yield 0.215 g, 94%. 
[RuCh(Tt6-C6H6){2-C(O)MeC6H4N(H)PPh2}] 2.47. To a CH2Ch (30 cm3) 
suspension of [{RuCl(J.t-Cl)(T)6-C6H6)h] (0.100 g, 0.200 mmol) was added 2.1 (0.128 
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Table E.2.5 Microanalytical data a for the rhodium(III) compounds 2.34- 2.37. 
Compound 
2.34 [RhCh(TJ5-CsMes){2-C(O)MeC6~N(H)PPh2}].1.25CH2Ch . 
2.35 [RhCh(TJ5 -C5Mes){ 2-C(O)PhC6~N(H)PPh2} ].0.25CH2Ch 
2.36 [RhCh(TJ5-C5Me5){2-C(O)OMeC6~N(H)PPh2}] 
2.37 [RhCh(TJ5-C5Me5){2,5-{C(O)OMe}2C6HJN(H)PPh2}] 
a In %, calculated values in parentheses. 
Table E.2.6 Microanalytical data a for the ruthenium(II) compounds 2.39 - 2.50. 
Compound 
2.39 [RuCh(TJ6-p-MeC6~'Pr){2-C(O)MeC6~N(H)PPh2}] 
2.40 [RuCh(TJ6-p-MeC6~;Pr){2-C(O)PhC6~N(H)PPh2}] 
2.41 [RuCh(TJ6 -p-MeC6~;Pr){2-C(O)OMeC6~N(H)PPh2}] 
2.42 [RuCh(TJ6-p-MeC6~;Pr){2,5-{C(O)OMe}2C6HJN(H)PPh2}] 
2.43 [RuCh( 116 -C6Me6){ 2-C(O)MeC6~N(H)PPh2} ].0.5CH2Ch 
2.44 [RuCh(TJ6 -C6Me6){2-C(O)PhC6~N(H)PPh2}] 
2.45 [RuCh(TJ6-C6Me6){2-C(O)OMeC6~N(H)PPh2}].0.25CH2Ch 
2.46 [RuCh( 116 -C6Me6) { 2, 5- { C(O)OMe }2C6H3N(H)PPh2}] 
2.47 [RuCh(TJ6 -C6H6){ 2-C(O)MeC6~N(H)PPh2}] 
2.48 [RuCh( 116 -C6H6){ 2-C(O)PhC6~N(H)PPh2} ].0.25CH2Ch 
2.49 [RuCh(TJ6-C6H6){2-C(O)OMeC6~N(H)PPh2}] 
2.50 [RuCh(TJ6-C6H6){2,5-{C(O)OMe}2C6HJN(H)PPh2}.]0.5CH2Ch 
a In %, calculated values in parentheses. 
c 
51.35 (51.10) 
59.48 (59.47) 
55.48 (55.90) 
54.62 (54.64) 
c 
57.39 (57.60) 
60.75 (61.14) 
55.74 (56.17) 
54.69 (54.86) 
56.06 (56.12) 
55.86 (55.90) 
56.33 (56.07) 
56.29 (56.12) 
54.62 (54.84) 
57.28 (57.49) 
53.41 (53.34) 
50.04 (49.93) 
H 
4.69 (4.87) 
5.18 (4.99) 
5.21 (5.12) 
4.81 (5.16) 
H 
5.28 (5.16) 
5.14 (4.98) 
5.29 (5.03) 
5.05 (5.04) 
5.34 (5.32) 
5.05 (4.97) 
5.26 (5.29) 
5.22 (5.26) 
4.73 (4.25) 
4.06 (4.21) 
4.23 (4.13) 
3.93 (3.94) 
N 
1.87 (1.91) 
1.69 (1.97) 
2.09 (2.17) 
2.05 (2.00) 
N 
1.98 (2.24) 
2.51 (2.04) 
2.18 (2.55) 
1.65 (2.00) 
1.76 (1.44) 
1.53 (1.70) 
1.89 (2.03) 
1.90 (1.92) 
2.26 (2.46 
2.15 (2.15) 
2.57 (2.39) 
2.04 (2.05) 
g, 0.401 mmol) as a solid in one portion. The mixture was stirred for 2 h, filtered 
through a small Celite pad and the volume concentrated in vacuo to ea. 1-2 cm3. 
Addition of pet. ether (60- 80 °C, 20 cm3) gave a brown solid. Yield 0.180 g, 79%. 
[RuCh(Tt6-C6H6){2-C(O)PhC6H4N(H)PPh2}] 2.48. As for 2.47 using [{RuCl(J.1-
Cl)(Tt6-C6H6)}2] (0.100 g, 0.200 mmol) and 2.2 (0.153 g, 0.401 mmol). Yield 0.203 g, 
80%. 
[RuCh(Tt6-C6H6){2-C(O)OMeC6~N(H)PPh2}] 2.49. As for 2.47 using [{RuCl(J.1-
Cl)(Tt6-C6H6)}2] (0.100 g, 0.200 mmol) and 2.3 (0.134 g, 0.400 mmol). Yield 0.189 g, 
81%. 
[RuCh(Tt6-C6H6){2,5-{C(O)OMe}2C6H3N(H)PPh2}] 2.50. As for complex 2.47 
using [{RuCl(J.1-Cl)(Tt6-C6H6)}2] (0.100 g, 0.200 mmol) and 2.4 (0.157 g, 0.399 
mmol). Yield 0.185 g, 72%. 
E.2. 7 Phosphoramidite ligands 
2-C(O)OMeC6H4N(H)(P02C6~) 2.51. To a stirred solution of 2-
C(O)OMeC6RtNHz (4.348 g, 28.76 mmol) in NEt3 (3.001 g, 29.6 mmol) and EtzO 
(50 cm3) was added (C6Ht02)PC1 (5.219 g, 29.90 mmol) in EtzO (20 cm3) dropwise 
over 30 min whilst the temperature was maintained at ea. 0 °C. After addition of 
further EtzO (20 cm3) the mixture was stirred for 20 h. The solution was filtered to 
remove NEt3.HCl and the residue washed with EtzO (2 x 20 cm\ The filtrate and 
washings were combined and the solvent removed in vacuo to ea. 20 cm3. The 
suspension was cooled to -78 °C for 30 min and the white crystalline solid filtered and 
dried in vacuo. Yield 5.087 g, 61%. 
2-C(O)OMeC6~N(H)(P02CtoH6CtoH6) 2.53. To a stirred solution of 2-
C(O)OMeC6RtNHz (1.236 g, 8.176 mmol) in NEt3 (0.910 g, 8.992 mmol) and EtzO 
(20 cm3) was added (rac-0,0-binaptholato)PCl (2.868 g, 8.177 mmol) in EtzO (50 
cm3) dropwise over 30 min whilst the temperature was maintained at ea. 0 °C. The 
white suspension was stirred for 42 h. The solution was filtered to remove NEt3.HCl 
and the solid washed with EtzO (2 x . 40 cm\ The filtrate and washings were 
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combined and the solvent evaporated to dryness. The product was recrystallised from 
toluene to give an off-white solid. Yield 0.210 g, 6%. F AB+ MS: m/z 484 ~]. 
E.2.8 Coordination chemistry of the phosphoramidite ligands 2.51 and 2.53 
cis'-[PtCh{2-C(O)OMeC6~N(H)(P02C6~)}2] 2.54. [PtCh(cod)] (0.107 g, 0.286 
mmol) was added to a CH2Ch (10 cm3) solution of 2.51 (0.166 g, 0.574 mmol) and 
stirred for 15 min. The solvent was removed in vacuo to ea. 1-2 cm3 and addition of 
EhO gave a white solid. The solid was collected by suction filtration washed with 
Et20 (5 cm3) and dried in vacuo. Yield 0.194 g, 80%. 
[PtMe2{2-C(O)OMeC6~N(H)(P02C6H4)}2] 2.55. As for 2.54 using [PtMe2(cod)] 
(0.115 g, 0.345 mmol) and 2.51 (0.200 g, 0.691 mmol). Yield 0.201 g, 72%. 
[PtMe2{2-C(O)OMeC6H4N(H)(P02C2oH12)}2] 2.56. To [PtMe2(cod)] (0.019 g, 
0.057 mmol) in toluene (10 cm3) was added 2.53 (0.053 g, 0.114 mmol) in one 
portion. After stirring for 15 min the solvent volume was reduced to ea 1 - 2 cm3, 
addition of petroleum ether (60- 80°, 20 cm3) precipitated a white solid. Yield 0.025 
g, 19%. 
[PdCh{2-C(O)OMeC6H4N(H)(P02C6H4)h] 2.57. As for 2.54 using [PdCh(cod)] 
(0.100 g, 0.351 mmol) and 2.51 (0.203 g, 0.702 mmol). Yield 0.248 g, 94%. 
[RhCh(115-CsMes){2-C(O)OMeC6H4N(H)(P02C6H4)}] 2.58. To a CH2Ch (10 cm3) 
solution of2.51 (0.137 g, 0.474 mmol) was added [{RhCl(J.l-Cl)(115-CsMes)}2] (0.146 
g, 0.236 mmol) and stirred for 20 min. The solvent was removed in vacuo to ea. 1-
2 cm3• Addition of EhO (30 cm3) gave a red I orange solid 2.58. Yield 0.244 g, 86%. 
[RhCh(115-CsMes){2-C(O)OMeC6H4N(H)(P02C2oH12)}] 2.59. To a CH2Ch 
(20 cm3) solution of [{RhCl(J.l-Cl)(115-CsMes)}2] (0.060 g, 0.097 mmol) was added 
2.53 (0.090 g, 0.193 mmol) and the solution stirred for 20 min. The solvent was 
removed in vacuo to ea. 1-2 cm3• Addition of Et20 (20 cm3) gave a red I orange solid 
which was collected by suction filtration, washed with EhO (5 cm3) and dried in 
vacuo. Yield 0.120 g, 80%. FAB+ MS: m/z 775 [Af"], 739 [M- Cl], 702 [M- 2Cl]. 
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[RuCh(TJ6-C6Me6){2-C(O)OMeC6lltN(H)(P02C6llt)}] 2.60. As for 2.58 usmg 
[{RuCl(J.1-Cl)(TJ6-C6Me6)h] (0.147 g, 0.240 mmol) and 2.51 (0.139 g, 0.481 mmol). 
Yield 0.236 g, 82%. 
E.2.9 Ether and thioether substituted Ph2PN(H)R ligands 
2-MeOC61ltCH2N(H)PPh2 2.61. A solution of Ph2PCl (5.015 g, 22.73 mmol) in 
EhO (20 cm3) was added dropwise over ea. 1 h to a solution of 2-H2NCH2C6I40Me 
(3.124 g, 22.77 mmol) and NEt3 (2.367 g, 23.39 mmol) in Et20 (50 cm3) at 0 °C. The 
resulting white suspension was stirred for 18 h, the solvent evaporated to dryness and 
degassed distilled water (50 cm3) and CH2Ch (50 cm3) added. The CH2Ch layer was 
cannulated over and the water layer extracted with CH2Ch (50 cm3). The combined 
CH2Ch extracts were dried over magnesium sulfate, cannulated over and the solvent 
reduced to dryness in vacuo. Crude Yield 6.340 g. F AB+ MS: m/z 322 [¥]. 
2-MeOC6H4(CH2)2N(H)PPh2 2.62. As for 2.61 using Ph2PCl (5.018 g, 22.74 mmol), 
2-H2N(CH2)2C6l40Me (3.424 g, 22.64 mmol) and NEt3 (2.421 g, 23.93 mmol). 
F AB+ MS: m/z 336 [¥]. 
(C4H30)CH2N(H)PPh2 2.63. As for 2.61 using Ph2PCl (5.003 g, 22.67 mmol), 2-
H2NCH2(C4H30) (2.240 g, 23.06 mmol) and NEt3 (2.430 g, 24.01 mmol). FAB+ MS: 
m/z281 [¥]. 
(C4H60)CH2N(H)PPh2 2.64. As for 2.61 using Ph2PCl (3.866 g, 17.52 mmol), 2-
H2NCH2(C4H60) (1.773 g, 17.53 mmol) and NEt3 (1.787 g, 17.66 mmol). 
2-MeOC61ItN(H)PPh2 2.65. A solution of Ph2PCl (5.277 g, 23.92 mmol) in thf (50 
cm3) was added dropwise over 45 min to a solution of 2-MeOC6HtNH2 (3.330 g, 
23.92 mmol), NEt3 (2.302 g, 22.75 rnmol) and DMAP (0.106 g, 0.866 mmol) in thf 
(50 cm\ The resulting white suspension was stirred for 75 min, the solution filtered 
and evaporated in vacuo to afford yellow oil. Crude Yield 7.582 g. 
2-MeSC61ItN(H)PPh2 2.66. As for 2.65 using Ph2PCl (5.428 g, 24.60 mmol), 2-
MeSC6l4NH2 (3.436 g, 24.68 rnmol), NEt3 (2.489 g, 24.60 mmol) and DMAP 
(0.101 g, 0.827 mmol). Crude Yield 6.332 g. 
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E.2.10 Chalcogenide compounds ofthe (phosphino)amines 2.61-2.66 
2-MeOC6H4CH2N(H)P(O)Ph2 2.67. As for 2.5 using 2.61 (0.250 g, 0.778 mmol) and 
H20 2 (0.1 cm3, 0.88 mmol). Yield 0.56 g, 60%. FAB+ MS: mlz 338 [M]. 
2-MeOC6~(CH2)2N(H)P(O)Ph2 2.68. As for 2.5 using 2.62 (0.245 g, 0.731 mmol) 
and H202 (0.1 cm3, 0.88 mmol). 
(C4H30)CH2N(H)P(S)Ph2 2.69. As for 2.5 using 2.63 (0.216 g, 0.768 mmol) and 
H202 (0.1 cm3, 0.88 mmol). 
2-MeOC6H4CH2N(H)P(S)Ph2 2.70. As for 2.9 using 2.61 (0.242 g, 0.753 mmol) and 
elemental sulfur (0.024 g, 0.749 mmol). Crude Yield 0.162 g. 
2-MeOC6H4(CH2)2N(H)P(S)Ph2 2.71. As for 2.9 using 2.62 (0.269 g, 0.802 mmol) 
and elemental sulfur (0.026 g, 0.810 mmol). Yield 0.254 g, 86%. FAB+ MS: mlz 368 
[Ar]. 
(C4H30)CH2N(H)P(S)Ph2 2.72. As for 2.9 using 2.63 (0.233 g, 0.828 mmol) and 
elemental sulfur (0.030 g, 0.936 mmol). Yield 0.209 g, 81%. 
2-MeOC6H4CH2N(H)P(Se)Ph2 2.73. As for 2.13 using 2.61 (0.254 g, 0.757 mmol) 
and grey selenium (0.081 g, 0.760 mmol). Yield 0.057 g, 18%. 
2-MeOC6~(CH2)2N(H)P(Se)Ph2 2.74. As for 2.13 using 2.62 (0.260 g, 0.809 
mmol) and grey selenium (0.069 g, 0.874 mmol). 
(C4H30)CH2N(H)P(Se)Ph2 2.75. As for 2.13 using 2.63 (0.289 g, 1.028 mmol) and 
grey selenium (0.081 g, 1.026 mmol). Yield 0.189 g, 51%. F AB+ MS: m/z 362 [Ar]. 
Table E.2.8 Microanalytical dataa for the oxidised (phosphino)amines 2.67, 2.70 -
2.75. 
Compound 
2.67 2-MeOC6HtCH2N(H)P(O)Ph2.0.2SH20 
2. 70 2-MeOC6f4CH2N(H)P(S)Ph2 
2. 71 2-MeOC6f4(CH2)2N(H)P(S)Ph2 
2. 72 (C4H30)CH2N(H)P(S)Ph2 
2.74 2-MeOC6f4(CH2)2N(H)P(Se)Ph2 
2. 75 (C4H30)CH2N(H)P(Se )Ph2 
a In %, calculated values in parentheses. 
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C H N 
70.38 (70.68) 5.93 (5.49) 3.97 (4.12) 
67.07 (68.16) 5.43 (5.71) 3.74 (3.97) 
67.53 (68.84) 6.03 (6.03) 3.68 (3.81) 
64.87 (65.16) 5.12 (5.15) 4.09 (4.47) 
60.76 (60.87) 5.54 (5.35) 3.39 (3.38) 
56.46 (56.68) 4.38 (4.48) 4.17 (4.47) 
E.2.11 Platinum(II) and palladium(II) complexes of the (phosphino)amines 2.61 
-2.66 
cis-[PtCh{2-MeOC6H4N(H)PPh2hl 2.76. To a CH2Ch (20 cm3) solution of 2.65 
(0.209 g, 0.680 mmol) was added [PtCh(cod)] (0.127 g, 0.340 mmol) and the solution 
stirred for 15 min. The solvent was reduced in vacuo to ea. 1-2 cm3 and addition of 
Et20 (30 cm3) gave a white solid. Yield 0.278 g, 93%. 
cis-[PtCh{2-MeOC6~CH2N(H)PPh2}2] 2.77. As for 2.76 using 2.61 (0.147 g, 0.457 
mmol) and [PtCh(cod)] (0.103 g, 0.275 mmol). After stirring for 60 min the solvent 
was reduced in vacuo to ea. 1 - 2 cm3 and addition of Et20 (1 0 cm3) afforded a white 
solid. Yield 0.200 g, 97%. 
cis-[PtCh{2-MeOC6H4(CH2)2N(H)PPh2h] 2.78. As for 2.61 usmg [PtCh(cod)] 
(0.060 g, 0.160 mmol) and 2.62 (0.108 g, 0.322 mmol). Yield 0.132 g, 90%. 
cis-[PtCh{2-MeSC6~N(H)PPh2h] 2.79. As for complex 2.61 using [PtCh(cod)] 
(0.105 g, 0.281 mmol) and 2.66 (0.227 g, 0.702 mmol). Yield 0.194 g, 85%. 
cis-[PtCh{(C4H30)CH2N(H)PPh2h] 2.80. To a CH2Ch (20 cm3) solution of 2.63 
(0.119 g, 0.423 mmol) was added [PtCh(cod)] (0.080 g, 0.213 mmol) and the solution 
stirred for 30 min. The solvent was reduced in vacuo to ea. 1 - 2 cm3 and addition of 
pet. ether (b.p. 60-80 °C, 10 cm3) gave an off-white solid. Crude Yield 0.153 g. 
cis-[PtMe2{2-MeOC6H4N(H)PPh2hl 2.83. To a CH2Ch (20 cm3) solution of 2.65 
(0.183 g, 0.595 mmol) was added [PtMe2(cod)] (0.099 g, 0.297 mmol) and stirred the 
solution for 15 min. The solvent was reduced in vacuo to ea. 1 - 2 cm3 and addition of 
EhO (10 cm3) and pet. ether (60- 80 °C, 20 cm3) gave a white solid. Yield 0.194 g, 
78%. 
cis-[PtMe2{2-MeSC6~CH2N(H)PPh2hl 2.84. As for 2.83 usmg [PtMe2(cod)] 
(0.139 g, 0.417 mmol) and 2.66 (0.271 g, 0.838 mmol). Crude Yield 0.300 g. 
cis-[PdCh{2-MeOC6H4N(H)PPh2}2] 2.85. As for 2.76 using [PdCh(cod)] (0.059 g, 
0.207 mmol) and 2.65 (0.128 g, 0.417 mmol). Yield 0.212 g, 98%. 
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Table E.2.7 Microanalytical data a for the phosphoramidite ligand 2.53 and compounds 2.54, 2.55 and 2.57- 2.60. 
Compound 
2.53 2-C(O)OMeC6litN(H)(P02C2oH12).1H20 
2.54 [PtCh{2-C(O)OMeC6litN(H)(C61402P)}2] 
2.55 [PtMe2{ 2-C(O)OMeC6litN(H)(C61402P) }2] 
2.57 [PdCh { 2-C(O)OMeC6H4N(H)(C6H402P) }2] 
2.58 [RhCh(115 -CsMes){ 2-C(O)OMeC614N(H)(C61402P}] 
2.59 [RhCh(115-CsMes){2-C(O)OMeC614N(H)(P02C2oH12)}].CH2Ch 
2.60 [RuCh(ll6-p-MeC6lit;Pr){2-C(O)OMeC6litN(H)(C6H402P)}] 
a In %, calculated values in parentheses. 
c 
69.91 (69.56) 
39.46 (39.82) 
44.88 (44.84) 
42.59 ( 44.50) 
46.67 ( 48.18) 
54.20 (54.50) 
47.43 (48.45) 
H 
4.28 (4.58) 
3.01 (2.86) 
3.68 (3.76) 
3.63 (3.20) 
4.70 (5.55) 
4.61 (4.34) 
4.28 (4.40) 
Table E.2.9 Microanalytical data a for the platinum(II) and palladium(II) compounds of 2. 76, 2. 78, 2.83 and 2.86. 
Compound 
2.76 cis-[PtCh{2-MeOC6litN(H)PPh2}2] 
2. 78 cis-[PtCh { 2-MeOC6lit(CH2)2N(H)PPh2}2] 
2.83 cis-[PtMe2{2-MeOC6l4N(H)PPh2}2] 
2.86 cis/trans-[PdCh{2-MeOC6litCH2N(H)PPh2}2].0.25CH2Ch 
a In %, calculated values in parentheses. 
c 
51.73 (52.21) 
53.73 (53.85) 
57.01 (57.21) 
57.86 (57.45) 
H 
3.70 (3.97) 
4.86 (4.73) 
4.94 (5.04) 
4.86 (4.85) 
N 
2.32 (2.89) 
3.03 (3.32) 
3.28 (3.49) 
3.46 (3.71) 
2.18 (2.34) 
1.15 (1.63) 
2.21 (2.35) 
N 
2.52 (3.03) 
2.62 (2.99) 
3.36 (3.34) 
3.11 (3.22) 
cis'/trans-[PdCh{2-MeOC6~CH2N(H)PPh2}2] 2.86. As for 2.76 using [PdCh(cod)] 
(0.072 g, 0.253 mmol) and 2.61 (0.196 g, 0.610 mmol). Yield 0.160 g, 73%. 
cis/trans-[PdCh{2-MeOC6~(CH2)2N(H)PPh2h] 2.87. As for complex 2.76 using 
[PdCh(cod)] (0.042 g, 0.147 mmol) and 2.62 (0.120 g, 0.358 mmol). Yield 0.108 g, 
89%. 
E.2.12 Rhodium (Ill) complexes of the (phosphino )amines 2.65 and 2.66 
[RhCh(115-C5Mes){2-MeOC6~N(H)PPh2}] 2.88. As for 2.33 using [{RhCl(f.l-
Cl)(115-CsMe5)}2] (0.178 g, 0.288 mmol) and 2.65 (0.162 g, 0.264 mmol). Yield 
0.266 g, 79%. 
[RhCh(115 -C5Me5){2-MeSC6H4N(H)PPh2}] 2.89. As for 2.33 using [ {RhCl(f.l-
Cl)(115-CsMe5)}2] (0.180 g, 0.292 mmol) and 2.66 (0.187 g, 0.290 mmol). Yield 
0.244 g, 61%. 
E.2.13 Orthometallation studies 
[PtCI{2-C(O)MeC6H3N(H)PPh2-P,q{2-C(O)MeC6~N(H)PPh2-P}] 2.90. To a 
CH2Ch (10 cm3) solution of2.17 (0.064 g, 0.071 mmol) was added Ag[BF4] (0.030 g, 
0.0154 mmol) and stirred for 2 h in the dark. The reaction mixture was filtered 
through a Celite pad and the volume reduced to ea. 1-2 cm3, addition of Et20 (30 
cm3) gave a yellow solid (0.028 g). 
cis-/trans-[Pt{2-C(O)MeC6H3N(H)PPh2-P,q2] 2.91. A suspension of 2.21 (0.080 g, 
0.093 mmol) in xylenes (20 cm3) was refluxed for 48 h. The solvent was reduced to 
dryness in vacuo, the solid residue extracted with CH2Ch (20 cm3) and filtered 
through a Celite pad. The solvent was reduced to ea. 1-2 cm3 and addition of EhO 
(20 cm3) afforded a pale yellow solid. Yield 0.049 g, 64%. F AB+ MS: mlz 832 [M]. 
[PtCI{2-C(O)OMeC6H3N(H)PPh2-P,q{2-C(O)OMeC6H4N(H)PPh2}] 2.92. A 
solution of2.23 (0.079 g, 0.088 mmol) in toluene (20 cm3) was refluxed for 72 h. The 
solvent was reduced to dryness and a 31PeH} NMR spectrum recorded. The NMR 
sample was layered with Et20 and crystals suitable for X-ray analysis were obtained. 
The 31PeH} and 1H NMR spectra were obtained on this crystalline sample. 
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cis-/trans-[Pt{2-C(O)OMeC6H3N(H)PPh2-P,q2] 2.93. As for 2.91 usmg 2.23 
(0.059 g, 0.066 mmol). Yield 0.033 g, 58%. 
cis-/trans-[Pt{2-C(O)PhC6H3N(H)PPh2-P,q2] 2.94. As for 2.91 usmg 2.22 
(0.075 g, 0.076 mmol). Yield 0.057 g, 78%. 
cis-/trans-[Pt{2-MeOC6H3N(H)PPh2-P,q2] 2.95. As for 2.91 using 2.93 (0.051 g, 
0.061 mmol). Yield 0.027 g, 58%. 
cis-/trans-[Pt{C6H4N(H)PPh2-P,q2] 2.96. [PtMe2(cod)] (0.050 g, 0.150 mmol) and 
C6H5N(H)PPh2 (0.083 g, 0.299 mmol) were refluxed in xylenes (20 cm3) for 48 h. 
The solvent was reduced to dryness and a 31PeH} NMR spectrum recorded. 
Reaction of cis"-/trans-[Pt{2-C(O)MeC6H3N(H)PPh2-P,q2] with HCI (aq). To a 
CDCb (0.5 cm3) solution of 2.91 (0.022 g, 0.026 mmol) was added aqueous HCl 
(0.037 g, of 10.2 M) and a 31PeH} NMR spectrum recorded. Major species by 
31PeH} NMR was [PtCh{2-C(O)MeC6~N(H)PPh2h] 2.17 <> 29.3 ppm [1J(PtP) 
4056Hz]. 
Reaction of cis"-/trans-[Pt{2-C(O)MeC6H3N(H)PPh2-P,q2] with Iodine 2.97. To a 
5 mm NMR tube iodine (0.008 g, 0.063 mmol) and a CDCb (0.5 cm3) solution of 
2.91 (0.020 g, 0.024 mmol) was added. A 31PeH} NMR spectrum was recorded 
immediately. Major species by 31PeH} NMR [Pth{2-C(O)MeC6~N(H)PPh2-P,C}2] 
<> 41.7 ppm [1J(PtP) 1533Hz] and 23.0 ppm [1J(PtP) 2375Hz]. 
[RhCI(T)5-C5Me5){2-C(O)MeC6H3N(H)PPh2-P,q] 2.98. A suspenston of 
[RhCh(115-C5Me5){2-C(O)MeC6~N(H)PPh2}] 2.34 (0.050 g, 0.080 mmol) in xylenes 
(20 cm3) was heated to reflux for 24 h. The solvent was removed in vacuo and the 
solid residue dissolved in CH2Ch (2 cm3). Addition of Et20 (1 0 cm3) and petroleum 
ether (60 - 80 °C, 20 cm3) gave a yellow/orange solid. Yield 0.032 g, 64%. F AB+ 
MS: mlz 654 [M]. 
[RhCI(115-C5Me5){2-C(O)PhC6H3N(H)PPh2-P,q] 2.99. As for 2.98 usmg 2.35 
(0.100 g, 0.145 mmol). Yield 0.050 g, 53%. 
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[RhCI(TJ5-C5Me5){2-C(O)OMeC6H3N(H)PPh2-P,C}] 2.100. As for 2.98 using 2.36 
(0.050 g, 0.078 mmol). Yield 0.050 g, 53%. 
[RhCh(TJ5-C5Me5){C6H5C(H)(CH3)N(H)PPh2}] 2.101. As for complex 2.33 using 
[{RhCl(JJ.-Cl)(TJ5-C5Me5)}2] (0.192 g, 0.311 mmol) and S-C6HsC(H)(CH3)N(H)PPh2 
(0.190 g, 0.622 mmol). Yield 0.317 g, 83%. FAB+ MS: mlz 578 [M- Cl]. 
[RhCh(TJ5-C5Me5){2-C(O)PhC6H4N(H)CH2PPh2}] 2.102. As for 2.33 usmg 
[{RhCl(JJ.-Cl)(TJ5-C5Me5)}2] (0.078 g, 0.126 mmol) and 2-C(O)PhC61itN(H)CH2PPh2 
(0.100 g, 0.253 mmol). Yield 0.164 g, 92%. FAB+ MS: mlz 704 [Ar], 668 [M- Cl], 
633 [M- 2Cl]. 
[RhCI(TJ5-C5Me5){2-C(O)OMeC6HJN(H)(P02C2oH12-P,C}] 2.105. As for 2.98 
using 2.59 (0.040 g, 0.052 mmol). Yield 0.032 g, 84%. 
Reaction of [RhCI{2-C(O)MeC6H4N(H)PPh2-P,C}] with DMAD 2.106. To a 
CDCh (0.5 cm3) solution of 2.98 was added DMAD (2 drops) and 31PeH} NMR 
spectra recorded over 3 d. No reaction occurred during this time and hence the 
solution was heated to 40 °C for 5 d. The NMR sample and CH2Ch washings were 
transferred and the volume reduced to ea. 1-2 cm3. Addition of pet. ether (60- 80 °C, 
20 cm3) and stirring overnight afforded an orange solid, which was collected by 
suction filtration. Yield 0.015 g, 60%. NMR (CDCh) 31PeH}: B 68.4 [1J(RhP) 152 
Hz]. 1H B 11.22 (NH), 8.29-6.98 (aromatic CH), 3.92-3.59 (4 x CO(O)Me), 2.74 
(C(O)Me), 1.26 [4J(PH) 3.35 Hz]. IR (KBr) v(NH) 3082, v(C=O) 1753, 1741, 1739, 
1724, 1720, v(PN) 920. FAB+ MS: m/z 654 [Ar]. 
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Table E.2.10 Microanalytical dataa for the orthometallated compounds 2.91, 2.93, 2.94, 2.98- 2.100. 
Compound 
2.91 cis-/trans-[Pt { 2-C(O )MeC6H3N (H)PPh2-P, C}2] 
2.93 cis-/trans-[Pt { 2-C(O)OMeC6H3N(H)PPhrP, C}2] 
2.94 cis-/trans-[Pt{2-C(O)PhC6H3N(H)PPh2-P,C}2] 
2.98 [RhCl(fJ5 -C5Me5){ 2-C(O)MeC6HJN(H)PPh2-P, C} ]0.5CH2Ch 
2.99 [RhCl(115 -CsMes){ 2-C(O)PhC6H3N(H)PPh2-P, C} ]O.SCH2Ch 
2.100 [RhCl(115 -CsMes){ 2-C(O)OMeC6H3N(H)PPh2-P, C} ]0.5CH2Ch 
a In %, calculated values in parentheses. 
c 
57.38 (57.76) 
55.62 (55.62) 
62.54 (62.83) 
57.64 (57.75) 
61.18 (61.21) 
59.06 (59.27) 
H 
4.39 (4.13) 
3.77 (3.97) 
3.84 (4.01) 
5.37 (5.24) 
5.01 (5.08) 
5.13 (5.31) 
N 
3.21 (3.37) 
3.24(3.24) 
3.05 (2.93) 
2.04 (2.21) 
1.79 (2.01) 
2.15 (2.30) 
E.3 Chapter 3 
E.3.1 Ether substituted (Ph2P)2NR ligands 
Ph2PN(2-C6H40Me)PPh2 3.1. A solution of Ph2PCl (5.020 g, 22.75 mmol) in Et20 
(20 cm3) was added dropwise over 45 min to a solution of 2-H2NC6~0Me (1.395 g, 
11.33 mmol) and NEt3 (2.35 g, 22.99 mmol) in Et20 (50 cm3) at 0 °C. The resulting 
white suspension was stirred for 18 h, the solvent evaporated to dryness and degassed 
distilled water (100 cm3) added. The solid was collected by suction filtration, washed 
with n-hexane (50 cm\ absolute EtOH (2 x 50 cm3) and dried in vacuo. Yield 3.566 
g, 64%. F AB+ MS: mlz 492 [M'"], 508 [M+ 0], 524 [M+ 20]. 
Ph2PNCH2(2-C6~0Me)PPh2 3.2. As for 3.1 using 2-H2NCH2C6~0Me (1.000 g, 
7.29 mmol), Ph2PC1 (3.250 g, 14.73 mmol) and NEt3 (1.500 g, 14.71 mmol). Yield 
2.505 g, 68%. FAB+ MS: m/z 506 [M'"], 522 [M+ 0], 538 [M+ 20]. 
Ph2PN(CH2)2(2-C6~0Me)PPh2 3.3. As for 3.1 using 2-H2N(CH2)2C6~0Me (1.000 
g, 6.61 mmol), Ph2PC1 (3.001 g, 13.60 mmol) and NEt3 (1.451 g, 14.37 mmol). Yield 
1.612 g, 45%. FAB+ MS: m/z 521 [M+ H], 537 [M+ 0], 552 [M+ 20]. 
Table E.3.1 Microanalytical data a for the ligands 3.1 and 3.2. 
Compound 
3.1 Ph2PN(2-C6~0Me)PPh2 
3.2 Ph2PNCH2(2-C6~0Me)PPh2.0.5H20 
a In %, calculated values in parentheses. 
C H N 
75.50 (75.80) 5.51 (5.50) 2.05 (2.80) 
74.70 (74.69) 5.74 (5.88) 2.69 (2.72) 
E.3.2 Chalcogenide compounds ofPh2PN(2-C6~0Me)PPh2 
Ph2P(O)N(2-C6~0Me)P(O)Ph2 3.4. A thf (10 cm3) solution of 3.1 (0.250 g, 0.509 
mmol) and aqueous H20 2 (0.1 cm3, 0.88 mmol) was stirred for 18 h. The solution was 
evaporated to dryness under reduced pressure to give 3.4 as a white solid. Yield 
0.170 g, 64%. 
Ph2P(S)N(2-C6~0Me)P(S)Ph2 3.5. To the solids 3.1 (0.250 g, 0.509 mmol) and Ss 
(0.038 g, 1.19 mmol) was added thf (20 cm3) and the solution refluxed for ea. 18 h. 
The volume was concentrated in vacuo to ea. 1 - 2 cm3 and addition of n-hexane 
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(20 cm3) gave 3.5 as a white solid which was collected by suction filtration. Yield 
0.262 g, 92%. 
Ph2P(Se)N(2-C6Ht0Me)P(Se)Ph2 3.6. As for 3.5 from 3.1 (0.250 g, 0.509 mmol) 
and grey Se (0.091 g, 1.15 mmol). Unreacted Se was removed by filtration through a 
Celite pad. The solvent was concentrated in vacuo to ea. 1 - 2 cm3 and addition of pet. 
ether (60-80 °C, 20 cm3) afforded an off-white solid 3.6. The product was collected 
by suction filtration and dried in vacuo. Yield 0.278 g, 84%. 
Ph2P(S)N(2-C61lt0Me)PPh2 3.7. A mixture of 3.1 (0.250 g, 0.509 mmol) and Ss 
(0.016 g, 0.499 mmol) in n-hexane (10 cm3) was refluxed for 6 h. After allowing the 
mixture to cool to room temperature, the white solid was collected by suction 
filtration and dried in vacuo. Examination of the solid by 31PctH} NMR spectroscopy 
revealed the major species (ea. 90%) to be 3.7 in addition to small amounts of 3.5 
(ea. 10%). 
[PtCh{Ph2P(S)N(2-C61lt0Me)PPh2}] 3.8. To the solids 3.7 (0.100 g, 0.191 mmol) 
and [PtCh(cod)] (0.064 g, 0.171 mmol) was added CH2Ch (20 cm3). After stirring for 
30 min the volume was concentrated to ea. 1 cm3 and diethyl ether (20 cm3) added. 
The pale yellow solid was collected by suction filtration and dried in vacuo. Yield 
0.132 g, 97%. 
[PdCh{Ph2P(S)N(2-C6H40Me)PPh2}] 3.9. As for complex 3.8 using [PdCh(cod)] 
(0.016 g, 0.056 mmol) and 3.7 (0.036 g, 0.068 mmol). Yield 0.035 g, 73%. 
Table E.3.2 Microanalytical data8 for the oxidised (phosphino )amines 3.4 - 3.6. 
3.4 
3.5 
3.6 
Compound 
Ph2P(O)N(2-C6HtOMe )P(O)Ph2 
Ph2P(S)N(2-C6HtOMe )P(S)Ph2 
Ph2P(Se )N(2-C6llt0Me )P(Se )Ph2 
a In %, calculated values in parentheses. 
c 
70.79(71.10) 
66.42(67.00) 
57.08(57.30) 
H 
5.11(5.20) 
4.77(4.90) 
4.08(4.20) 
N 
2.58(2.70) 
2.43(2.50) 
1.84(2.20) 
E.3.3 Platinum(II) and palladium(II) complexes of the bis(phosphino )amines 
3.1-3.3 
[PtCh{Ph2PN(2-C6H40Me)PPh2}] 3.10. A solution of [PtCh(cod)] (0.052 g, 0.139 
mmol) and 3.1 (0.068 g, 0.138 mmol) in CH2Ch (10 cm3) was stirred for ea. 1.5 h. 
The volume was concentrated to ea. 1 - 2 cm3 by evaporation under reduced pressure 
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and addition of diethyl ether (20 cm3) gave a yellow solid 3.10. The product was 
collected by suction filtration and dried in vacuo. Yield O.I 03 g, 98%. 
[PtCh{Ph2PNCH2(2-C61ItOMe)PPh2}] 3.11. As for 3.10 using [PtCh(cod)] (0.074 
g, O.I98 mmol) and 3.2 (O.IOO g, O.I98 mmol). Yield O.I48 g, 97%. 
[PtCh{Ph2PN(CH2)2(2-C6H40Me)PPh2}] 3.12. As for 3.10 using [PtCh(cod)] 
(0.072 g, O.I93 mmol) and 3.3 (O.IOO g, 0.192 mmol). Yield 0.136 g, 90%. 
[PdCh{Ph2PN(2-C61ltOMe)PPh2}] 3.13. As for complex 3.10 using [PdCh(cod)] 
(0.049 g, 0.172 mmol) and 3.1 (0.068 g, O.I38 mmol). Yield O.IIO g, 94%. 
[PdCh{Ph2PNCH2(2-C6H40Me)PPh2}] 3.14. As for 3.10 using [PdCh(cod)] (0.058 
g, 0.204 mmol) and 3.2 (O.I03 g, 0.204 mmol). Yield O.I27 g, 91%. 
[PdCh{Ph2PN(CH2)2(2-C6H40Me)PPh2}] 3.15. As for 3.10 using [PdCh(cod)] 
(0.061 g, 0.2I4 mmol) and 3.3 (O.II2 g, 0.2I5 mmol). Yield 0.130 g, 87%. 
[PtMe2{Ph2PN(2-C6H40Me)PPh2}] 3.16. To a solution of [PtMe2(cod)] (0.050 g, 
0.150 mmol) in toluene (10 cm3) was added 3.1 (0.068 g, 0.138 mmol) and the 
solution stirred for I 0 min. The volume was concentrated to ea. 1 - 2 cm3 by 
evaporation under reduced pressure and addition of diethyl ether (I 0 cm3) and light 
petroleum (60- 80 °C, IO cm3) gave a white solid 3.16. The product was collected by 
suction filtration and dried in vacuo. Yield 0.086 g, 80%. 
E.3.4 Molybdenum(O) complexes of the bis(phosphino )amines 3.1 - 3.3 
[Mo(C0)4{Ph2PN(2-C6H40Me)PPh2}] 3.17. To a solution of [Mo(C0)4nbd] (0.100 
g, 0.333 mmol) in CH2Ch (20 cm3) was added 3.1 (O.I63 g, 0.332 mmol) and the 
resulting solution stirred for ea. 2 h. The solution was filtered through a small Celite 
pad and the volume concentrated in vacuo to ea. I - 2 cm3• Addition of pet. ether (bp 
60 - 80 °C, 20 cm3) gave 3.17. The mixture was stored at ea. 0 oc overnight and the 
solid collected by suction filtration and dried in vacuo. Yield 0.235 g, 59%. 
[Mo(C0)4{Ph2PNCH2(2-C6~0Me)PPh2}] 3.18. As for 3.17 using [Mo(C0)4nbd] 
(0.080 g, 0.133 mmol) and 3.2 (0.13I g, 0.267 mmol). Yield 0.136 g, 73%. 
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Table E.3.3 Microanalytical dataa for the platinum(II) and palladium(II) compounds 3.8- 3.16. 
Compound 
3.8 [PtCh{Ph2P(S)N(2-C6~0Me)PPh2} ].0.5CHCh 
3.9 [PdCh{Ph2P(S)N(2-C6~0Me)PPh2}] 
3.10 [PtCh{Ph2PN(2-C6~0Me)PPh2}] 
3.11 [PtCh{Ph2PNCH2(2-C6~0Me)PPh2}] 
3.12 [PtCh{Ph2PN(CH2)2(2-C6~0Me )PPh2} ]0.25CH2Ch 
3.13 [PdCh{Ph2PN(2-C6~0Me)PPh2}] 
3.14 [PdCh{Ph2PNCH2(2-C6~0Me )PPh2}] 
3.15 [PdCh {Ph2PN(CH2)2(2-C6!40Me )PPh2} ]0.25CHCh 
3.16 [PtMe2{Ph2PN(2-C6~0Me)PPh2}] 
a In %, calculated values in parentheses. 
c 
44.75 (44.55) 
52.58 (53.10) 
49.44 (49.20) 
49.78 (49.82) 
49.51 (49.50) 
56.18 (55.70) 
55.97 (56.26) 
54.46 (54.95) 
54.99 (55.31) 
H 
3.25 (3.26) 
3.86 (3.90) 
3.61 (3.60) 
3.69 (3.79) 
4.26 (3.94) 
4.17 (4.10) 
4.24 (4.28) 
4.45 (4.33) 
4.53 (4.64) 
N 
1.63 (1.65) 
1.61 (2.00) 
1.73 (1.80 
1.78 (1.82) 
1.80 (1.74) 
1.93 (2.10) 
2.05 (2.05) 
1.58 (1.93) 
1.89 (1.95) 
[Mo(C0)4{Ph2PN(CH2)2(2-C6H40Me)PPh2}] 3.19. As for complex 3.17 usmg 
[Mo(C0)4nbd] (0.080 g, 0.133 mmol) and 3.3 (0.138 g, 0.266 mmol). Yield 0.156 g, 
82%. 
Table E.3.4 Microanalytical data a for the molybdenum(O) compounds 3.17 - 3.19. 
Compound 
3.17 [Mo(C0)4 {Ph2PN(2-C6I!tOMe )PPh2}] 
3.18 [Mo(C0)4 {Ph2PNCH2(2-C6I!tOMe )PPh2}] 
3.19 [Mo(C0)4 {Ph2PN(CH2)2(2-C6I!tOMe )PPh2}] 
a In %, calculated values in parentheses. 
C H N 
60.49 (60.10) 4.26 (3.90) 1.74 (2.00) 
60.21 (60.60) 4.07 (4.10) 1.96 (1.96) 
60.73 (61.08) 4.29 (4.29) 1.96 (1.93) 
E.3.5 Copper(I) complexes of the bis'(phosphino)amines 3.1-3.3 
[Cu{Ph2PN(2-C6H40Me)PPh2}2]PF6 3.20. To a solution of [Cu(CH3CN)4]PF6 
(0.071 g, 0.191 mmol) in CH2Ch (20 cm3) was added 3.1 (0.187 g, 0.380 mmol) and 
the resulting solution stirred for ea. 2 h. The volume was concentrated in vacuo to ea. 
2 cm3 and addition ofEt20 (15 cm3) gave 3.20 as a white solid. Yield: 0.195 g, 86%. 
[Cu{Ph2PNCH2(2-C6H40Me)PPh2}2]PF6 3.21. As for complex 3.20 using 
[Cu(CH3CN)4]PF6 (0.080 g, 0.214 mmol) and 3.2 (0.210 g, 0.427 mmol). Yield 
0.222 g, 87%. 
[Cu{Ph2PN(CH2)2(2-C6~0Me)PPh2}2]PF6 3.22. As for complex 3.20 usmg 
[Cu(CH3CN)4]PF6 (0.080 g, 0.214 mmol) and 3.3 (0.224 g, 0.431 mmol). Yield 0.240 
g,90%. 
Table E.3.5 Microanalytical data a for the copper(!) compounds 3.20 - 3.22. 
Compound 
3.20 [Cu {Ph2PN(2-C6I!tOMe )PPh2}2]PF 6 
3.21 [Cu {Ph2PNCH2(2-C6I!tOMe )PPh2h]PF 6.CH2Ch 
3.22 [Cu{Ph2PN(CH2)2(2-C6I!tOMe )PPh2}2]PF 6 
a In %, calculated values in parentheses. 
C H N 
62.08 (62.50) 4.79 (4.60) 2.70 (2.40) 
59.94 (59.84) 4.55 (4.63) 2.11 (2.15) 
63.12 (63.44) 4.95 (5.16) 2.66 (2.24) 
E.3.6 Ruthenium(Iij and gold (I) complexes of the bis'(phosphino )amine 3.1 
trans-[RuCh{Ph2PN(2-C6H40Me)PPh2}2] 3.23. To the solids [{RuCl(J.t-Cl)(116-p-
MeC6Iit;Pr)}2] (0.020 g, 0.033 mmol) and 3.1 (0.064 g, 0.130 mmol) was added 
CDCh (1 cm3) to give an immediate dark red solution. After stirring for ea. 18 h the 
dark yellow suspension was filtered, the solid washed with a small portion of CDCh 
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(0.5 cm3) and dried in vacuo. Yield 0.067 g, 89%. Alternatively 3.23 was prepared in 
lower yield (33%) from [RuCh(DMS0)4] and 2 equivalents of3.1. 
[{AuCl}2{Ph2PN(2-C61LtOMe)PPh2}] 3.24. To the solid [AuCl(tht)] (0.030 g, 0.092 
mmol) and 3.1 (0.023 g, 0.047 mmol) was added CDCh (2 cm3). The solution was 
examined by 31P{1H} NMR spectroscopy and showed the only phosphorus species to 
be 3.24. Addition ofEt20 (15 cm3) gave 3.24 as a white solid. Yield 0.044 g, 94%. 
Table E.3.6 Microanalytical data3 for the compounds 3.23 and 3.24. 
Compound 
3.23 [RuCh{Ph2PN(2-C6~0Me)PPh2}2] 
3.24 [ { AuCl }2 {Ph2PN(2-C6~0Me )PPh2}] 
a In %, calculated values in parentheses. 
E.3. 7 Keto substituted (Ph2P)2NR ligands 
C H N 
63.77 (64.45) 4.60 (4.70) 2.40 (2.45) 
38.46 (38.95) 2.68 (2.85) 1.36 (1.45) 
Ph2PN{4-C6H4C(O)Me}PPh2 3.25. As for 3.1 using 4-H2NC6~COMe (0.788 g, 
5.83 mmol), Ph2PCl (2.564 g, 11.62 mmol) and NEt3 (1.279 g, 12.63 mmol). The 
white suspension was stirred for 7 d. Yield 2.148 g, 73%. FAB+ MS: mlz 504 [~]. 
Ph2PN{4-C6H4C(O)Ph}PPh2 3.26. As for 3.1 using 4-H2NC6~(C(O)Ph) (0.894 g, 
4.53 mmol), Ph2PCl (2.000 g, 9.06 mmol) and NEt3 (0.918 g, 9.07 mmol). Yield 
0.952 g, 55%. F AB+ MS: m/z 566 [M]. 
E.3.8 Platinum(II) and gold (I) complexes of the bis(phosphino )amine 3.25 
[PtCh{Ph2PN(4-C6H4COMe)PPh2}] 3.27. As for complex 3.10 using [PtCh(cod)] 
(0.097 g, 0.259 mmol) and 3.25 (0.131 g, 0.260 mmol). Yield 0.199 g, 96%. 
[{AuCl}2{Ph2PN{4-C6H4C(O)Me}PPh2}] 3.28. As for 3.24 using [AuCl(tht)] 
(0.103 g, 0.315 mmol) and 3.25 (0.078 g, 0.155 mmol). Yield 0.112 g, 75%. 
Table E.3. 7 Microanalytical data3 for the ligands 3.25 and 3.26 and the compounds 
3.27 and 3.28. 
Compound 
3.25 Ph2PN( 4-C6~C(O)Me )PPh2.0.5H20 
3.26 Ph2PN( 4-C6~C(O)Ph)PPh2.H20 
3.27 [PtCh{Ph2PN(4-c6~COMe)PPh2}] 
3.28 [ { AuCl }2 {Ph2PN { 4-C6~C(O)Me} PPh2}] 
a In %, calculated values in parentheses. 
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C H 
75.21 (74.99) 5.34 (5.51) 
75.61 (76.14) 5.36 (5.35) 
49.83 (49.95) 3.80 (3.54) 
40.06 (39.69) 2.85 (2.81) 
N 
2.77 (2.73) 
2.33 (2.40) 
1.87 (1.82) 
1.45 (1.45) 
E.3.9 Ester substituted (PhzP)2NR ligands 
PhzPN{3-C61LtC(O)OMe}PPhz 3.29. As for 3.25 using J-H2NC6lltC02Me (0.840 g, 
5.56 mmol), Ph2PC1 (2.800 g, 12.69 mmol) and NEt3 (2.559 g, 25.33 mmol). Yield 
2.493 g, 85%. FAB+ MS: m/z 519 [if], 536 [M+ 0]. 
Ph2PN{3,5-C6H3{C(O)OMe}z}PPhz 3.30. As for 3.1 usmg 3,5-
H2NC6H3{C(O)OMe}2 (4.000 g, 19.12 mmol), Ph2PCl (8.437 g, 38.24 mmol) and 
NEt3 (3.870 g, 38.23 mmol). Yield 6.616 g, 60%. FAB+ MS: mlz 578 [.Af"]. 
PhzPN(4-C61LtC(O)OMe)PPhz 3.31. As for 3.25 using 4-H2NC6RtC(O)OMe (0.850 
g, 5.62 mmol), Ph2PC1 (2.728 g, 12.36 mmol) and NEt3 (1.198 g, 11.86 mmol). Yield 
1.692 g, 58%. FAB+ MS: m/z 519 [M+ H], 536 [M+ 0]. 
Table E.3.8 Microanalytical dataa for the ligands 3.29 - 3.31. 
Compound 
3.29 Ph2PN(3-C6lltC(O)OMe )PPh2.0.SH20 
3.30 Ph2PN( 4-C6RtC(O)OMe )PPh2.0.SH20 
3.31 Ph2PN { 3, 5-C6Rt(C02Me )2} PPh2.0.SH20 
a In %, calculated values in parentheses. 
C H 
72.57 (72.72) 5.27 (5.34) 
72.65 (72.72) 5.41 (5.34) 
69.63 (69.62) 5.06 (5.17) 
N 
2.62 (2.65) 
2.63 (2.65) 
2.53 (2.39) 
E.3.10 Platinum(II) and palladium(II) complexes of the bis(phosphino)amines 
3.29-3.31 
[PtCh{Ph2PN(3-C6H4C(O)OMe)PPhz}] 3.32. As for 3.10 usmg [PtCh(cod)] 
(0.095 g, 0.254 mmol) and 3.29 (0.132 g, 0.254 mmol). Yield 0.191 g, 96%. 
[PtC}z{PhzPN(4-C6H4C(O)OMe)PPhz}] 3.33. As for 3.10 using [PtCh(cod)] 
(0.076 g, 0.203 mmol) and 3.31 (0.107 g, 0.206 mmol). Yield 0.139 g, 86%. 
[PtC}z{PhzPN{3,5-C6HJ(C(O)OMe)z}PPhz}] 3.34. As for 3.10 using [PtCh(cod)] 
(0.133 g, 0.356 mmol) and 3.30 (0.205 g, 0.355 mmol). Yield 0.297 g, 99%. 
[PtBrz{PhzPN{3,5-C6HJ(C(O)OMe)z}PPhz}] 3.35. As for 3.10 using [PtBr2(cod)] 
(0.099 g, 0.214 mmol) and 3.30 (0.124 g, 0.215 mmol). Yield 0.177 g, 89%. 
[Ptlz{PhzPN{3,5-C6HJ(C(O)OMe)z}PPhz}] 3.36. As for 3.10 using [Pth(cod)] 
(0.109 g, 0.196 mmol) and 3.30 (0.113 g, 0.195 mmol). Yield 0.170 g, 85%. 
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[PdCh{Ph2PN{3,5-C6HJ{C(O)OMe}2}PPh2}] 3.37. As for 3.10 using [PdCh(cod)] 
(0.038 g, 0.133 mmol) and3.30 (0.077 g, 0.133 mmol). Yield 0.092 g, 91%. 
Table E.3.9 Microanalytical dataa for the platinum(II) and palladium(II) compounds 
3.32 -3.37. 
Compound C H N 
3.32 [PtCh{Ph2PN(3-C6HtC02Me)PPh2}] 49.19 (48.83) 3.59 (3.46) 1.53 (1.78) 
3.33 [PtCh{Ph2PN(4-C6I!tC02Me)PPh2}] 48.93 (48.83) 3.55 (3.46) 1.92 (1.78) 
3.34 [PtCh{Ph2PN{J,5-C6H3(C02Me)2}PPh2}] 48.16 (48.41) 3.61 (3.47) 1.63 (1.66) 
3.35 [PtBr2{Ph2PN{J,5-C6H3(C02Me)2}PPh2}] 44.01 (43.80) 3.32 (3.13) 1.36 (1.50) 
3.36 [Pth{Ph2PN{J,5-C6H3(C02Me)2}PPh2}] 39.42 (39.72) 2.78 (2.85) 1.30 (1.36) 
3.37 [PdCh{Ph2PN{J,5-C6H3(C(O)OMe)2}PPh2}] 53.71 (54.10) 4.04 (3.87) 1.83 (1.86) 
a In %, calculated values in parentheses. 
E.3.11 Gold(I) complexes of the bis'(phosphino)amine 3.29-3.31 
[{AuCI}2{Ph2PN{3-C6H4C(O)OMe}PPh2}] 3.38. As for 3.24 using [AuCl(tht)] 
(0.100 g, 0.306 mmol) and 3.29 (0.079 g, 0.152 mmol). Yield 0.021 g, 14%. 
[{AuCI}2{Ph2PN{4-C6H4C(O)OMe}PPh2}] 3.39. As for 3.24 using [AuCl(tht)] 
(0.100 g, 0.306 mmol) and 3.31 (0.079 g, 0.152 mmol). Yield 0.112 g, 75%. 
[{AuCI}2{Ph2PN{3,5-C6HJ{C(O)OMe}2}PPh2}] 3.40. As for 3.24 using [AuCl(tht)] 
(0.039 g, 0.119 mmol) and 3.30 (0.037 g, 0.064 mmol). Yield 0.050 g, 75%. 
Table E.3.10 Microanalytical dataa for the gold(I) compounds 3.38- 3.40. 
Compound C H 
3.38 [{AuC1}2{Ph2PN{J-C6I!tC(O)OMe}PPh2}] 38.66 (39.05) 3.19 (2.76) 
3.39 [{AuC1}2{Ph2PN{4-C6l!tC(O)OMe}PPh2}] 38.83 (39.05) 2.95 (2.76) 
3.40 [{AuCl}2{Ph2PN{J,5-C6H3(C(O)OMe)2}PPh2}] 38.69 (39.18) 2.62 (2.80) 
a In %, calculated values in parentheses. 
E.3.12 P-N bond cleavage reactions 
N 
1.62 (1.42) 
1.28 (1.42) 
1.21 (1.34) 
[PtCh{3,5-(C(O)OMe)2C6HJN(H)PPh2}{PPh20Me}] 3.41. A suspension of 3.34 
(0.050 g, 0.059 mmol) in MeOH (15 cm3) was stirred for 16 h. The solid was filtered 
off and washed with further MeOH (2 cm3). Yield 0.034 g, 66%. 
Reflux of [PtBr2{Ph2PN{3,5-C6H3(C(O)OMe)2}PPh2}]. Compound 3.35 (0.056 g, 
0.060 mmol) in MeOH (15 cm3) was refluxed for 4 hand the solvent removed in 
vacuo. The residue was redissolved in CH2Ch (1 cm3) and an off-white solid obtained 
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upon addition of Et20 (20 cm\ NMR (CDCh) 31PeH} NMR: Major species in ea. 
95% 3.44 <5(PoMe) 80.6 ppm [1J(PtP) 4268Hz] <5(P) 30.7 ppm eJ(PtP) 3932 Hz] 
[ 1J(PPoMe) 12Hz] and [PtBr2(PPh20Me)2] () 85.8 ppm [1J(PtP) 4131Hz]. 
Reflux of [Pti2{Ph2PN{J,5-C6H3(C(O)OMe)2}PPh2}]. As for 3.44 using 3.36 (0.052 
g, 0.051 mmol). NMR (CDCh) 31PeH} NMR: Major species in ea. 95%3.45 <>(PoMe) 
80.4 ppm [1J(PtP) 4110Hz], <5(P) 30.0 ppm [1J(PtP) 3789Hz] eJ(PPoMe) 9Hz] and 
[Pth(PPh20Me)2] <5(P) 84.4 ppm [1J(PtP) 3976Hz]. 
Synthesis of [PtBr2{3,5-(C(O)OMe)2C6H3N(H)PPh2}{PPh20Me}] 3.44. To 3.41 
(0.092 g, 0.105 mmol) in MeOH (5 cm3) and acetone (5 cm3) was added NaBr 
(0.1 06 g, 1.030 mmol) in the minimum volume of MeOH and stirred for 20 h. The 
solvent was removed in vacuo, CH2Ch (1 0 cm3) added and filtered through a small 
Celite pad. The solvent volume was reduced in vacuo to ea. 1 - 2 cm3 and addition of 
Et20 gave an off white powdery solid. Yield 0.099 g, 98%. 
Synthesis of [Pti2{3,5-(C(O)OMe)2C6H3N(H)PPh2}{PPh20Me}] 3.45. To 3.41 
(0.090 g, 0.103 mmol) in MeOH (5 cm3) and acetone (5 cm3) was added Nal (0.060 g, 
1.027 mmol) in the minimum volume of MeOH and stirred for 2 h. The solvent was 
removed in vacuo, CH2Ch (1 0 cm3) added and filtered through a small Celite pad. 
The solvent volume was reduced in vacuo to ea. 1 - 2 cm3 and addition of Et20 gave 
a yellow powdery solid. Yield 0.104 g, 96%. FAB+ MS: m/z 1058 [M], 931 [M -1]. 
[PtCh{J-(C(O)OMe)C6H3N(H)PPh2-P,q{PPh20Me}] 3.48. A suspension of 3.32 
(0.099 g, 0.126 mmol) in MeOH (15 cm3) was stirred for 16 h. The solid 3.32 was 
filtered off and washed with further MeOH (2 cm3). The filtrate was left to evaporate 
slowly over a period of 14 d yielding pale yellow crystals. Yield 0.018 g, 18%. 
Reflux of [PtCb{Ph2PN{4-C6H4C(O)OMe}PPh2}] 3.49. As for 3.41 using 3.33 
(0.056 g, 0.071 mmol). NMR (CDCh), 31PeH}: [PtCl{PPh20Me}{4-
(C(O)OMe)C6~N(H)PPh2}] 8(PoMe) 80.9 ppm [1J(PtP) 4337 Hz], <5(P) 28.7 ppm 
eJ(PtP) 3952 Hz] eJ(PPoMe) 16 Hz] and 50% [PtCl{PPh20Me}{4-
(C(O)OMe)C6H3N(H)PPh2-P,C}] <5(PoMe) 72.7 ppm eJ(PtP) 4089 Hz], <5(P) 117.5 
ppm [1J(PtP) 2309Hz] eJ(PPoMe) 18Hz]. 
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Reflux of [PtCh{Ph2PN(4-C61LsC(O)OMe)PPh2}] 3.49. Compound 3.33 (0.032 g, 
0.041 mmol) was refluxed in MeOH (15 cm3) for 16 h, the solvent removed in vacuo 
and a 31PeH} NMR recorded. 31P {H} [PtCh(PPh20Me)(4-
(C(O)OMe)C6~N(H)PPh2)] o(PoMe) 81.0 ppm eJ(PtP) 4089 Hz], o(P) 28.7 ppm 
[1J(PtP) 3952 Hz], eJ(PPoMe) 18 Hz], [PtCl{PPh20Me}{4-
(C(O)OMe)C6H3N(H)PPhrP,C}] o(PoMe) 72.8 ppm [1J(PtP) 4436 Hz], o(P) 117.6 
ppm [1J(PtP) 2305 Hz], eJ(PPoMe) 18 Hz] and [PtCh(PPh20Me)2] o(P) 85.6 ppm 
eJ(PtP) 4175Hz]. The NMR sample was washed into a flask with CH2Ch (10 cm3), 
reduced to dryness in vacuo and refluxed in MeOH (15 cm3) for a further 68 h. The 
solvent was removed in vacuo, CHCh (1 cm3) added and an off-white solid 
precipitated on addition of EhO (20 cm3). NMR (CDCh) 31PeH} 
[PtCh(PPh20Me){4-(C(O)OMe)C6f4N(H)PPh2}] o(PoMe) 81.0 ppm [1J(PtP) 4089 
Hz], o(P) 28.7 ppm [1J(PtP) 3952 Hz], eJ(PPoMe) 18 Hz], [PtCl{PPh20Me}{4-
(C(O)OMe)C6H3N(H)PPh2-P,C}] o(PoMe) 72.7 ppm [1J(PtP) 4436 Hz], o(P) 
117.6 ppm [1J(PtP) 2305 Hz], eJ(PPoMe) 18 Hz] and [PtCh(PPh20Me)2] o(P) 85.6 
ppm [1J(PtP) 4175Hz]. 
Reflux of [PtCh{Ph2PN(3-C61LsC(O)OMe)PPh2}]. As for 3.44 using 3.32 (0.053 g, 
0.067 mmol) and refluxed for 16 h. 31PeH} NMR (CDCh): Major species in ea. 53% 
[PtCh(PPh20Me){3-(C(O)OMe)C6RtN(H)PPh2}] o(PoMe) 81.0 ppm [1J(PtP) 4348 
Hz] o(P) 29.3 ppm eJ(PtP) 3955 Hz] [1J(PPoMe) 16 Hz], [PtCl{PPh20Me}{3-
(C(O)OMe)C6H3N(H)PPh2-P,C}] o(PoMe) 71.6 ppm [1J(PtP) 4421 Hz], o(P) 117.5 
ppm [1J(PtP) 2296 Hz], eJ(PPoMe) 18 Hz] and [PtCh(PPh20Me)2] o 85.5 ppm 
[1J(PtP) 4179Hz]. 
E.3.13 Synthesis and coordination studies ofPh2PN(4-C6H4CH=CH2)PPh2 
Ph2PN{4-C6H4CH=CH2}PPh2 3.52. As for compound 3.1 usmg 4-
H2NC6RtCH=CH2 (2.411 g, 20.23 mmol), Ph2PCl (9.001 g, 40.79 mmol) and NEt3 
(4.125 g, 40.75 mmol). The solid was filtered off by suction filtration, washed with 
distilled water (50 cm3), hexane (50 cm3) and absolute ethanol (4 x 30 cm3) and dried 
overnight in vacuo. Yield 5.770 g, 58%. FAB+ MS: mlz 587 [AF]. 
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[PtCh{Ph2PN(4-C6H4CH=CH2)PPh2}] 3.53. As for 3.10 usmg [PtCh(cod)] 
(0.150 g, 0.401 mmol) and 3.52 (0.196 g, 0.402 mmol). Yield 0.233 g, 77%. 
[PdCh{Ph2PN(4-C6~CH=CH2)PPh2}] 3.54. As for 3.10 using [PdCh(cod)] (0.051 
g, 0.179 mmol) and 3.52 (0.088 g, 0.181 mmol). Yield 0.115 g, 96%. 
[Mo(C0)4{Ph2PN(4-C6~CH=CH2)PPh2}] 3.55. As for 3.17 using [Mo(C0)40bd] 
(0.150 g, 0.500 mmol) and 3.52 (0.244 g, 0.500 mmol). Yield 0.256 g, 74%. 
[Cu{Ph2PNCH2(4-C6H4CH=CH2)PPh2}2]PF6 3.56. As for 3.20 usmg 
[Cu(CH3CN)4]PF6 (0.100 g, 0.268 mmol) and 3.52 (0.262 g, 0.537 mmol). Yield 
0.281 g, 88%. 
[{AuCI}2{Ph2PN{4-C6H4CH=CH2}PPh2}] 3.57. As for 2.29 usmg [AuCl(tht)] 
(0.080g, 0.250 mmol) and 3.52 (0.061 g, 0.125 mmol). Yield 0.109 g, 91%. 
-[{4-(Ph2P)2N(C6H4)CHCH2}{CH2CHC(O)OCH2CH2(CF2)7CFJ}s]n- 3.58. To a 
suspension of 3.52 (0.500 g, 10.26 mmol) and JH,JH,2H,2H-perfluorodecylacrylate 
(2.657 g, 5.127 mmol) in a,a,a.-triflourotoluene (20 cm3) was added AIBN (0.020 g, 
0.122 mmol). The reaction mixture was heated to 65 °C and stirred for 18 h. The 
reaction was allowed to cool and the solvent removed in vacuo. The solid was washed 
with hot toluene (2 x 20 cm3) and dried in vacuo. Yield 2.958 g, 94%. 
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Table E.3.11 Microanalytical dataa for the compounds 3.41, 3.44, 3.45, and 3.48. 
Compound 
3.41 [PtCh{PPh20Me}{3,5-(C(O)OMe)2C6H3N(H)PPh2}] 
3.44 [PtBr2 {PPh20Me} { 3,5-(C(O)OMe )2C6H3N(H)PPh2} ].0.25CH2Ch 
3.45 [Pth {PPh20Me} { 3, 5-(C(O)OMe )2C6H3N(H)PPh2}] 
3.48 [PtCh{PPh20Me}{3-(C(O)OMe)C6H3N(H)PPh2-P,C}] 
a In %, calculated values in parentheses. 
c 
49.19 (48.83) 
48.93 (48.83) 
48.16 (48.41) 
44.01 (43.80) 
Table E3.12 Microanalytical data a for the vinyl functionalised ligand 3.52 and compounds 3.53 - 3.58. 
Compound 
3.52 Ph2PN( 4-C6~CHCH2)PPh2.0.5H20 
3.53 [PtCh {Ph2PN( 4-C6~CH=CH2)PPh2} ].0.25CH2Ch 
3.54 [PdCh {Ph2PN( 4-c6~CH=CH2)PPh2}] 
3.55 [Mo(C0)4 {Ph2PN( 4-c6~CH=CH2)PPh2}] 
3.56 [Cu {Ph2PN( 4-C6~CH=CH2)PPh2}2]PF 6.0.5CH2Ch 
3.57 [ { AuCl }2 {Ph2PN( 4-C6~CH=CH2)PPh2}] 
3.58 -[{4-(Ph2P)2N(C6~)CHCH2}{CH2CHC(O)OCH2CH2(CF2)1CF3}s]n-
a In %, calculated values in parentheses. 
c 
77.79 (77.72) 
50.51 (50.39) 
57.49 (57.81) 
62.09 (62.17) 
63.41 (63.18) 
40.74 (40.36) 
38.02 (37.92) 
H 
3.59 (3.46) 
3.55 (3.46) 
3.61 (3.47) 
3.32 (3.13) 
H 
5.89 (5.91) 
3.61 (3.58) 
4.02 (4.09) 
4.01 (3.91) 
4.35 (4.52) 
3.04 (2.86) 
2.02 (1.83) 
N 
1.53 (1.78) 
1.92 (1.78) 
1.63 (1.66) 
1.36 (1.50) 
N 
2.89 (2.83) 
1.78 (1.81) 
2.10 (2.11) 
1.95 (2.01) 
2.35(2.28) 
1.84 (1.47) 
0.36 (0.46) 
E.4 Chapter 4 
E.4.1 Bis(phosphino )amines {Ph2PN(H) }2R ligands 
{2-MeC6H3N(H)PPh2h 4.1. A solution ofPh2PCl (2.101 g, 9.52 mmol) in Et20 (20 
cm3) was added dropwise, over 45 min, to a solution of (2-H2NC6H3Me)2 (1.124 g, 
5.29 mmol) and NEt3 (0.953 g, 9.42 mmol) in Et20 (50 cm3) at 0 °C. The resulting 
white suspension was stirred for 18 h, the solvent evaporated to dryness and degassed 
distilled water (50 cm3) added. The solid was collected by suction filtration, washed 
with n-hexane (50 cm\ absolute EtOH (2 x 30 cm3) and dried in vacuo. Yield 
0.996 g, 32%. FAB+ MS: mlz 580 [M"], 597 [M+ 0], 613 [M+ 20]. 
{2-MeOC6H3N(H)PPh2h 4.2. As for 4.1 using Ph2PCl (1.806 g, 8.18 mmol), (2-
H2NC6H30Me)2 (1.000 g, 4.09 mmol) and NEt3 (0.830 g, 8.20 mmol). The solid was 
washed with distilled water (2 x 50 cm3), n-hexane (50 cm3), absolute EtOH (2 x 50 
cm3) and dried in vacuo. Yield 1.564 g, 62%. FAB+ MS: mlz 613 [Af]. 
J,4-{PPh2N(H)}2C61it 4.5. A solution of Ph2PCl (11.033 g, 50.00 mmol) in thf (50 
cm3) was added dropwise over 45 min to a solution of 1,4-(NH2)2C6Rt (2.702 g, 24.98 
mmol), NEt3 (5.102 g, 50.42 mmol) and DMAP (0.100 g, 0.800 mmol) in thf (50 
cm\ The resulting white suspension was stirred for 1.5 h, the solution was filtered 
and evaporated to dryness in vacuo. Washing with Et20 afforded (2 x 50 cm3) 4.3. 
Yield 9.533 g, 80%. F AB+ MS: mlz 477 [M"], 493 [M+ 0]. 
J,J-{PPh2N(H)}2C61It 4.6. As for 4.3 using Ph2PCl (10.671 g, 48.36 mmol), 1,3-
(NH2)2C6I!t (2.518 g, 24.18 mmol), NEt3 (6.400 g, 50.42 mmol) and DMAP (0.100 g, 
0.800 mmol) in thf (50 cm3). The solution was evaporated to give a pale yellow oily 
solid. Yield 11.179 g, 97%. F AB+ MS: mlz [M"], [M+ 0], [M+ 20]. 
E.4.2 Platinum(ll) and palladium(II) complexes of the his(phosphino )amines 
4.1, 4.2, 4.5, and 4.6 
[PtCh{2-MeC6H3N(H)PPh2hh 4.7. To a solution of [PtCh(cod)] (0.040 g, 0. 107 
mmol) in CH2Ch (10 cm3) was added 4.1 (0.063 g, 0.108 mmol) and the solution 
stirred for 15 min. The solvent was removed in vacuo to ea. 1 - 2 cm3 and an off 
white solid precipitated upon addition ofEhO (20 cm3). Yield 0.076 g, 64%. 
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[PtCh{2-MeOC6H3N(H)PPh2hh 4.8. As for 4.7 using [PtCh(cod)] (0.064 g, 0.171 
mmol) and 4.2 (0.105 g, 0.171 mmol). Yield 0.141 g, 94%. FAB+ MS: mlz 1055 [Af]. 
Table E.4.1 Microanalytical dataa for the ligand 4.5 and the platinum(II) compounds 
4.7 and 4.8. 
Compound 
4.5 J,4-{PPh2N(H)}2C6~ 
4.7 [PtCh{2-MeC6H3N(H)PPh2hh 
4.8 [PtCh{2-MeOC6H3N(H)PPh2hh 
a In %, calculated values in parentheses. 
c 
74.75 (75.62) 
50.88 (50.93) 
51.72 (51.95) 
H 
5.42 (5.50) 
4.41 (4.57) 
3.91 (3.90) 
N 
5.83 (5.88) 
3.44 (3.74) 
2.76 (3.19) 
E.4.3 Rhodium(III) and rhodium(I) complexes of the bis-(phosphino)amines 4.1, 
4.2, 4.5, and 4.6 
[RhCh(TJ5-C5Me5){2-MeC6HJN(H)PPh2}b 4.9. To a CH2Ch (20 cm3) solution of 
[{RhCl(f.l-Cl)(TJ5-C5Me5)}2] (0.174 g, 0.282 mmol) was added 4.1 (0.163 g, 0.281 
mmol) and the solution stirred for 20 min. The solvent was removed in vacuo to ea. 1-
2 cm3. Addition ofEhO (15 cm3) gave a red I orange solid 4.9. Yield 0.277 g, 77%. 
FAB+ MS: mlz 1198 [M]. 
[RhCh(TJ5-C5Me5){2-MeOC6HJN(H)PPh2}b 4.10. As for 4.9 using [{RhCl(f.l-
Cl)(TJ5-C5Me5)}2] (0.126 g, 0.203 mmol) and 4.2 (0.125 g, 0.204 mmol). Yield 0.237 
g, 94%. F AB+ MS: mlz 1230 [Af]. 
[{RhCh(TJ5-CsMes)1,4-(PPh2N(H))}2C6~] 4.11. As for 4.9 using [{RhCl(f.l-Cl)(TJ5-
CsMes)h] (0.153 g, 0.248 mmol) and 4.5 (0.118 g, 0.248 mmol). Yield 0.263 g, 97%. 
FAB+ MS: mlz 1094 [Af], 1059 [M- Cl]. 
[{RhCh(TJ5-CsMes)1,3-(PPh2N(H))}2C6H4] 4.12. As for 4.9 using [{RhCl(f.l-Cl)(TJ5-
CsMes)h] (0.142 g, 0.230 mmol) and 4.6 (0.125 g, 0.204 mmol). A red orange solid 
deposited on reducing the volume in vacuo, the resulting solid was collected by 
suction filtration and washed with Et20 (20 cm3) Yield 0.217 g, 87%. FAB+ MS: mlz 
1094 [Af], 1059 [M- Cl]. 
[RhCI(cod){2-MeC6HJN(H)PPh2}b 4.13. To a CH2Ch (20 cm3) solution of [{Rh(f.l-
Cl)(cod)h] (0.069 g, 0.140 mmol) was added 4.1 (0.081 g, 0.139 mmol) and the 
solution stirred for 15 min. The solvent was removed in vacuo to ea. 1-2 cm3. 
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Addition ofEt20 (30 cm3) gave a brown solid 4.13. Yield 0.106 g, 71%. FAB+ MS: 
mlz 1072 [M'], 1037 [M- Cl]. 
[RhCl(cod){2-MeOC6HJN(H)PPh2}b 4.14. As for 4.13 using [{Rh(J..L-Cl)(cod)h] 
(0.067 g, 0.136 mmol) and 4.2 (0.083 g, 0.135 mmol). Yield 0.115 g, 77%. FAB+ MS: 
mlz 1105 [M'], 1070 [M- Cl]. 
[{RhCl(cod)I,4-(PPh2N{H))}2C6H4] 4.15. As for 4.13 using [{Rh(J..L-Cl)(cod)h] 
(0.101 g, 0.204 mmol) and 4.5 (0.098 g, 0.206 mmol). Yield 0.162 g, 81%. 
[{RhCl(cod)I,J-(PPh2N(H))}2C6H4] 4.16. As for 4.13 using [{Rh(J..L-Cl)(cod)h] 
(0.115 g, 0.233 mmol) and 4.6 (0.092 g, 0.193 mmol). Yield 0.170 g, 85%. 
E.4.4 Iridium (Ill) complexes of the bis(phosphino )amines 4.1 and 4.2 
[IrCh(Tl5-CsMes){2-MeC6HJN(H)PPh2}b 4.17. As for 4.9 using [{lrCl(J..L-Cl)(Tl5-
CsMes)h] (0.051 g, 0.064 mmol) and 4.1 (0.037 g, 0.064 mmol). After stirring for 15 
min, the reaction mixture was filtered and the solvent volume reduced affording an 
orange solid. Precipitation was furthered by addition ofEt20 (10 cm3) Yield 0.066 g, 
75%. FAB+ MS: mlz 1376 [M'"]. 
[IrCh(Tl5-CsMes){2-MeOC6HJN(H)PPh2}b 4.18. As for 4.17 using [{IrCl(J..L-Cl)(Tl5-
CsMes)h] (0.052 g, 0.065 mmol) and 4.2 (0.048 g, 0.078 mmol). Yield 0.075 g, 82%. 
E.4.5 Ruthenium(II) complexes of the bis(phosphino)amines 4.1, 4.5, and 4.6 
[RuCh(Tl6-p-MeC6HiPr){2-MeC6HJN(H)PPh2}b 4.19. To a CH2Ch (20 cm3) 
solution of [{RuCl(J..L-Cl)(l'J6-p-MeC6HiPr)h] (0.077 g, 0.126 mmol), was added 4.1 
(0.073 g, 0.126 mmol) as a solid in one portion. After stirring for 20 min the volume 
was concentrated in vacuo to ea. 1-2 cm3• Addition of EhO (25 cm3) yielded an 
orange I brown solid. Yield 0.116 g, 77%. FAB+ MS: mlz 1191 [M'"] 1156 [M- Cl], 
1121 [M- 2C/]. 
[{RuCh(Tl6-p-MeC6HiPr)I,4-(PPh2N(H))}2C6~] 4.20. As for 4.19 using [{RuCl(J..L-
Cl)(Tl6-p-MeC6H/Pr)}2] (0.118 g, 0.193 mmol) and 4.5 (0.092 g, 0.193 mmol). Yield 
0.165 g, 78%. 
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[{RuCh(Tt6-p-MeC6H.lPr)I,3-(PPh2N(H))}2C61La] 4.21. As for 4.19 using [{RuCl(J.l-
Cl)(TJ6-p-MeC6Rt;Pr)}2] (0.208 g, 0.340 mmol) and 4.6 (0.162 g, 0.340 mmol). Yield 
0.374 g, 98%. 
Table E.4.2 Microanalytical data8 for the rhodium 4.9- 4.16 and ruthenium 4.19-
4.21 compounds. 
Compound 
a In %, calculated values in parentheses. 
C H N 
54.95 (58.11) 5.32 (5.38) 2.62 (2.34) 
51.48 (56.60) 4.83 (5.24) 1.91 (2.28) 
52.28 (54.84) 4.98 (5.16) 2.38 (2.56) 
52.78 (54.84) 4.91 (5.16) 2.49 (2.56) 
57.63 (60.41) 5.21 (5.44) 2.92 (2.61) 
54.23 (58.66) 4.79 (5.29) 2.81 (2.53) 
56.36 (56.55) 4.98 (5.10) 2.83 (2.90) 
56.07 (56.55) 4.91 (5.10) 2.74 (2.90) 
56.54 (58.39) 5.39 (5.24) 2.87 (2.35) 
54.37 (54.01) 4.95 (4.94) 2.53 (2.55) 
53.94 (54.01) 4.78 (4.94) 2.47 (2.55) 
E.4.6 Gold(I) complexes of the bis'(phosphino )amines 4.1, 4.5, and 4.6 
[AuC1{2-MeC6H3N(H)PPh2}h 4.22. [AuCl(tht)] (0.061 g, 0.190 mmol) was 
dissolved in CH2Ch (1 0 cm3) and solid 4.1 (0.056 g, 0.096 mmol) added. The mixture 
was stirred in the dark for 1 h and the volume reduced to ea. 1-2 cm3. Diethyl ether 
(30 cm3) and pet. ether (bp 60 - 80 °C, 10 cm3) was added to afford an off-white solid 
4.22 which was collected by suction filtration and dried in vacuo. Yield 0.076 g, 76%. 
FAB+ MS: mlz 1044 [M], 1009 [M- Cl]. 
[AuCl{2-MeOC6H3N(H)PPh2}h 4.23. As for 4.22 using [AuCl(tht)] (0.089 g, 0.278 
mmol) and 4.2 (0.085 g, 0.139 mmol). Addition of diethyl ether (30 cm3) afforded 
4.23. Yield 0.110 g, 74%. F AB+ MS: m/z 1076 [M]. 
Table E.4.3 Microanalytical data8 for the gold(!) compounds 4.22 and 4.23. 
Compound 
4.22 [AuCl{l-MeC6H3N(H)PPh2}h 
4.23 [AuCl{l-MeOC6H3N(H)PPh2}h 
a In %, calculated values in parentheses. 
C H N 
43.23 (43.66) 3.36 (3.28) 2.23 (2.68) 
40.33 (42.36) 3.26 (3.18) 2.08 (2.60) 
288 
E.4. 7 Tridentate bis(phosphino )amine J,4-Ph2PC6~N(PPh2)2 
J,4-Ph2PC6~N(PPh2)2 4.25. As for 4.1 using PhzPCl (1.591 g, 7.21 mmol), J,4-
Ph2PC6RtNH2 (1.001 g, 3.61 mmol) and NEt3 (0.801 g, 7.85 mmol). The resulting 
white suspension was stirred for 18 h, the solvent evaporated to dryness and degassed 
distilled water (50 cm3) and CHzCh (50 cm3) added. The CH2Ch layer was 
cannulated off and the water layer washed with additional CH2Ch (50 cm\ The 
combined CH2Ch extracts were dried over magnesium sulfate, cannulated off and the 
solvent reduced to dryness in vacuo. Crude Yield 1.528 g. 
E.4.8 Tetradentate bis(phosphino)amines {(Ph2P)2N}2R ligands 
1,4-{(Ph2P)2NhC6~ 4.26. To a stirred suspension of J,4-(H2N)2C6Rt (0.634 g, 5.863 
mmol) in Et2N (2.900 g, 28.66 mmol) and EtzO (100 cm3) was added Ph2PCl (5.430 
g, 24.61 mmol) in Et20 (30 cm3) dropwise over 30 min whilst the temperature was 
maintained at 0 °C. After addition of further Et20 (20 cm3) the mixture was stirred for 
3 d. The solvent was reduced to dryness under reduced pressure and degassed distilled 
water (50 cm3) was added. The solid was filtered by suction filtration, washed with 
distilled water (50 cm\ hexane (2 x 50 cm3) and absolute ethanol (2 x 50 cm3). Yield 
3.794 g, 77%. FAB+ MS: m/z 844 [M']. 
J,4-{(Ph2P)2NCH2}2C6H4 4.27. As for 4.26 using Ph2PCl (8.700 g, 39.43 mmol), 1,4-
(H2NCH2)2C6Rt (1.246 g, 9.15 mmol) and NEt3 (3.680 g, 36.367 mmol). Yield 7.675 
g, 96%. FAB+ MS: m/z 873 [M'], 889 [M+ 0], 905 [M+ 20], 921 [M+ 30], 937 [M 
+40]. 
{4-(Ph2P)2NC6H4}2CO 4.28. As for 4.26 using PhzPCl (6.001 g, 27.20 mmol), (4-
H2NC6Rt)2CO (1.432 g, 6.75 mmol) and NEt3 (2.801 g, 27.68 mmol). The reaction 
was stirred for 5 d prior to work-up. Purification was achieved by stirring 2 g of crude 
material in EtOH (20 cm3) for 5 min, filtered and washed with further cold ethanol 
(10 cm\ Crude Yield 5.322 g, 83%. FAB+ MS: mlz 949 [¥]. 
{J-(Ph2P)2NC6H4}2CO 4.29. As for 4.26 using Ph2PCl (5.164 g, 23.41 mmol), (3-
H2NC6Rt)2CO (1.242 g, 5.85 mmol) and NEt3 (2.368 g, 23.40 mmol). Yield 5.377 g, 
97%. F AB+ MS: mlz 949 [¥]. 
289 
{4-(Ph2P)2NC6Ht}20 4.30. As for 4.26 using Ph2PCl (4.408g, 19.98 mmol), (4-
H2NC6Rt)20 (1.000 g, 4.99 mmol) and NEt3 (2.020 g, 19.96 mmol). Yield 3.094 g, 
66%. F AB+ MS: m/z 937 [M], 953 [M+ 0], 969 [M+ 20], 985 [M+ 30], 999 [M+ 
40]. 
Table E.4.4 Microanalytical data8 for the ligands 4.26 - 4.30. 
Compound 
4.26 J,4-{(Ph2P)2NhC6f4.0.5H20 
4.27 1, 4-{ (Ph2P)2NCH2hC6Rt.0.5H20 
4.28 {3-(Ph2P)2NC6RthC0.3.5H20 
4.29 {4-(Ph2P)2NC6!4}2C0.1H20 
4.30 {4-(Ph2P)2NC6RthO.lH20 
a In %, calculated values in parentheses. 
C H 
75.95 (75.58) 5.32 (5.14) 
76.26 (76.26) 5.61 (5.50) 
72.42 (72.40) 5.25 (5.48) 
75.64 (75.77) 4.89 (5.21) 
75.45 (75.46) 5.02 (5.28) 
E.4.9 Chalcogenide compounds of 1,4-{(Ph2P)2NhC61lt 
N 
3.28 (3.25) 
3.18 (3.24) 
2.63 (2.77) 
2.90 (2.90) 
2.99 (2.93) 
J,4-{(Ph2P(0))2NhC6H4 4.31. A thf (20 cm3) solution of 4.26 (0.200 g, 0.237 mmol) 
and aqueous H20 2 (0.1 cm3, 0.88 mmol) was stirred for 4 h. The solvent was 
concentrated under reduced pressure to ea. 1 - 2 cm3 and addition of Et20 (20 cm3) 
gave a white solid. The solid was collected by suction filtration, washed with Ei20 
(15 cm3) and dried in vacuo. Yield 0.076 g, 64%. FAB+ MS: mlz 909 [AF]. 
J,4-{(Ph2P(S))2N}2C6H4 4.32. To the solids 4.26 (0.200 g, 0.236 mmol) and S8 (0.030 
g, 0.935 mmol) was added thf(20 cm3). After stirring the solution for 18 h the volume 
was concentrated in vacuo to ea. 1 - 2 cm3 and addition of Et20 (20 cm3) gave 4.32 as 
a white solid. Yield 0.177 g, 77%. F AB+ MS: mlz 973 [AF]. 
J,4-{(Ph2P(Se))2NhC6H4 4.33. As for 4.31 using 4.26 (0.200 g, 0.236 mmol) and 
grey Se (0.074g, 0.937). After stirring for 18 ha white solid had formed. Thf(50 cm3) 
was added to the suspension and filtered through a Celite pad to remove unreacted Se. 
Further thf (1 00 cm3) was added to the Celite pad to remove any solid. The solvent 
was concentrated in vacuo to ea. 1-2 cm3 and addition of Et20 yielded a pale yellow 
solid. Yield 0.024 g, 9%. 
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1,4-{(Ph2P(S))(Ph2P)N}2C61la 4.34. A suspension of 4.26 (0.100 g, 0.509 mmol) and 
S8 (0.007 g, 0.499 mmol) in thf (20 cm3) were stirred for 18 h. The solvent was 
concentrated in vacuo to ea. 1-2 cm3 and addition of Et20 (20 cm3) gave a white solid 
collected by suction filtration. Examination of the solid by 31PeH} NMR 
spectroscopy showed the major species (ea. 90%) to be 4.33 in addition to small 
amounts of the disulfide 4.32 (ea. 10%). FAB+ MS: mlz 909 [M"]. 
1,4-{(Ph2P(Se))(Ph2P)N}2C61la 4.35. 4.26 (0.200 g, 0.237 mmol) and grey Se (0.037 
g, 0.468 mmol) in thf (20 cm3) were stirred for 4 h. Unreacted Se was removed by 
filtration through a Celite pad. The solvent was concentrated in vacuo to ea. 1-2 cm3 
and addition of EhO (30 cm3) gave a white solid collected by suction filtration. Yield 
0.169 g, 89%. FAB+ MS: mlz 1004 [M]. 
Table E.4.5 Microanalytical data a for the oxidised (phosphino )amines 4.31 - 4.34. 
4.31 
4.32 
4.33 
4.34 
Compound 
1, 4-{ (Ph2P(0))2NhC6l!t.0.5H20 
1,4-{ (Ph2P(S))2NhC6I-4 
1, 4-{ (Ph2P(Se) )2N} 2C6l!t 
1, 4-{ (Ph2P(Se) )(Ph2P)N}2C6I-4 
a In %, calculated values in parentheses. 
c 
70.49 (70.81) 
66.38 (66.65) 
55.30 (55.88) 
64.78 (64.68) 
H 
5.25 (4.90) 
4.51 (4.56) 
3.62 (3.82) 
4.31(4.72) 
E.4.10 Platinum(Iij and palladium(Iij complexes of the tetradentate 
bis(phosphino )amines 4.26 - 4.30 
N 
2.71 (3.06) 
2.70 (2.88) 
3.32 (2.41) 
2.58 (2.79) 
J,4-{(PtCh)(Ph2P)2NhC61la 4.36. As for 4.7 using [PtCh(cod)] (0.100 g, 0.267 
mmol) and 4.26 (0.113 g, 0.134 mmol). Yield 0.145 g, 79%. FAB+ MS: mlz 1340 [M-
Cl]. 
1,4-{(PtCh)(Ph2P)2NCH2hC61la 4.37. As for 4.7 using [PtCh(cod)] (0.086 g, 0.230 
mmol) and 4.27 (0.100 g, 0.115 mmol). Yield 0.146 g, 91%. FAB+ MS: m/z 1404 
[AF], 1368 [M- Cl]. 
[{J-PtCh(Ph2P)2NC6H4}2CO] 4.38. As for 4.7 using [PtCh(cod)] (0.075 g, 0.201 
mmol) and 4.28 (0.096 g, 0.101 mmol). Yield 0.121 g, 81%. FAB+ MS: mlz 1444 [M-
Cl]. 
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[{4-PtCh(Ph2P)2NC6H.}2CO] 4.39. As for 4.7 using [PtCh(cod)] (0.075 g, 0.201 
mmol) and 4.29 (0.096 g, 0.101 mmol). Yield 0.145 g, 88%. FAB+ MS: m/z 1444 [M-
Cl]. 
[{4-PtCh(Ph2P)2NC6H.h0] 4.40. As for 4.7 using [PtCh(cod)] (0.077 g, 0.206 
mmol) and 4.30 (0.096 g, 0.102 mmol). Yield 0.125 g, 83%. FAB+ MS: mlz 1431 [M-
Cl]. 
Reaction of 1,4-{(Ph2P)2NhC6H4 4.25 with [PtMe2(cod)] 4.41. CDCh (0.5 cm3) 
was added to 4.26 (0.020 g, 0.024 mmol) and [PtMe2(cod)] (0.016 g, 0.048 mmol) 
and a 31PeH} NMR spectrum recorded. The major species identified was 1,4-
{ (PtMe2)(Ph2P)2NhC6~· 
[{4-PtMe2(Ph2P)2NC6H4}20] 4.42. As for 4.7 using [PtMe2(cod)] (0.058 g, 0.174 
mmol) and 4.30 (0.081 g, 0.086 mmol). Yield 0.099 g, 83%. 
1,4-{(PdCh)(Ph2P)2NhC6H. 4.43. As for complex 4.7 using [PdCh(cod)] (0.039 g, 
0.136 mmol) and 4.26 (0.070 g, 0.082 mmol). Yield 0.078 g, 78%. FAB+ MS: mlz 
1164 [M- Cl], 1093 [M- 3Cl]. 
1,4-{(PdCh)(Ph2P)2NCH2hC6H4 4.44. As for 4.7 using [PdCh(cod)] (0.054 g, 0.189 
mmol) and 4.27 (0.100 g, 0.115 mmol). Yield 0.119 g, 85%. FAB+ MS: m/z 1227 
[AF], 1192 [M- Cl]. 
[{3-PdCh(Ph2P)2NC6H.hCO] 4.45. As for 4.7 using [PdCh(cod)] (0.066 g, 0.232 
mmol) and 4.28 (0.109 g, 0.115 mmol). Yield 0.124 g, 83%. FAB+ MS: mlz 1304 
[AF], 1269 [M- Cl]. 
[{4-PdCh(Ph2P)2NC6H.hCO] 4.46. As for 4.7 using [PdCh(cod)] (0.066 g, 0.232 
mmol) and 4.28 (0.109 g, 0.115 mmol). Yield 0.142 g, 95%. FAB+ MS: m/z 1304 
[AF], 1269 [M- Cl]. 
[{4-PdCh(Ph2P)2NC6H.h0] 4.47. As for 4.7 using [PdCh(cod)] (0.066 g, 0.232 
mmol) and 4.30 (0.109 g, 0.116 mmol). Yield 0.147 g, 98%. FAB+ MS: mlz 1256 [M-
Cl]. 
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Table E.4.6 Microanalytical data3 for the platinum(II) and palladium(II) compounds 
4.36-4.40 and 4.42- 4.47. 
Compound 
4.36 1, 4-{ (PtCh)(Ph2P)2NhC6Rt 
4.37 J,4-{(PtCh)(Ph2P)2NCH2}2C6Rt 
4.38 [ { 3-PtCh(Ph2P)2NC6Rt}2C0].0.25CH2Ch 
4.39 [{4-PtCh(Ph2P)2NC6RthCO] 
4.40 [{4-PtCh(Ph2P)2NC6Rth0] 
4.42 [{4-PtMe2(Ph2P)2NC6lit}20] 
4.43 J,4-{(PdCh)(Ph2P)2NhC6Rt 
4.44 J,4-{(PdCh)(Ph2P)2NCH2}2C6l4 
4.45 [{J-PdCh(Ph2P)2NC6RthCO] 
4.46 [ { 4-PdCh(Ph2P)2NC6l!t }2CO] .0.25CH2Ch 
4.47 [ { 4-PdCh(Ph2P)2NC6Rth0].0.25CH2Ch 
a In %, calculated values in parentheses. 
c 
46.97 (47.11) 
47.37 (47.88) 
48.79 (48.97) 
49.69 (49.47) 
48.45 (49.06) 
55.62 (55.41) 
54.13 (54.07) 
54.80 (54.79) 
56.36 (56.20) 
55.05 (55.53) 
54.13 (54.47) 
H 
3.48 (3.22) 
3.40(3.44) 
3.86 (3.29) 
3.43 (3.27) 
3.36 (3.29) 
4.10 (4 .. 36) 
3.74 (3.70) 
3.92 (3.94) 
3.87 (3.72) 
3.66 (3.69) 
3.78 (3.75) 
N 
2.14 (2.03) 
2.21 (1.99) 
2.51 (1.86) 
2.0 (1.89) 
2.00 (1.91) 
1.93 (2.02) 
2.45 (2.34) 
2.34 (2.28) 
2.33 (2.15) 
2.22 (2.11) 
2.31 (2.17) 
E.4.11 Gold (I) complexes of the tetradentate bis(phosphino )amines 4.28- 4.30 
[{J-(CIAuPh2P)2NC6~hCO] 4.48. As for 4.22 using [AuCl(tht)] (0.068 g, 0.212 
mmol) and 4.28 (0.051 g, 0.054 mmol). Yield 0.097 g, 97%. FAB+ MS: m/z 1842 [M-
Cl]. 
[{4-(CIAuPh2P)2NC6~}2CO] 4.49. As for 4.22 using [AuCl(tht)] (0.068 g, 0.212 
mmol) and 4.29 (0.050 g, 0.053 mmol). Yield 0.090 g, 91%. FAB+ MS: m/z 1842 [M-
Cl]. 
[{4-(CIAuPh2P)2NC6~}20] 4.50. As for 4.22 using [AuCl(tht)] (0.069 g, 0.215 
mmol) and 4.30 (0.050 g, 0.053 mmol). Yield 0.083 g, 83%. FAB+ MS: mlz 1865 
[M'"], 1830 [M- Cl]. 
Table E.4. 7 Microanalytical data a for the gold(l) compounds 4.48 - 4.50. 
Compound 
4.48 [{J-(ClAuPh2P)2NC6l4hCO] 
4.49 [{4-(ClAuPh2P)2NC6l4hCO] 
4.50 [ { 4-(ClAuPh2P)2NC6l4 }20] 
a In %, calculated values in parentheses. 
c 
39.24 (39.00) 
38.80 (39.00) 
38.64 (38.61) 
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H 
2.79 (2.58) 
2.44 (2.58) 
2.48 (2.59) 
N 
1.33 (1.49) 
1.48 (1.49) 
1.48 (1.50) 
E.4.12 Molybdenum(O) complexes of the tetradentate bis(phosphino )amines 4.25 
and 4.26 
[J,4-{Mo(C0)4(Ph2P)2N}C6H4] 4.51. To a CH2Ch (20 cm3) solution of 
[Mo(C0)4(nbd)] (0.050 g, 0.167 mmol) was added 4.26 (0.070 g, 0.083 mmol). The 
solution was stirred for 30 min and the volume reduced in vacuo to ea. 1 - 2 cm3. 
Addition of EhO (20 cm3) and pet. ether (bp 60 - 80 °C, 10 cm3) gave a solid which 
was collected by suction filtration, washed with pet. ether (bp 60 - 80 °C, 5 cm3) and 
dried in vacuo. Yield 0.090 g, 86%. FAB+ MS: mlz 1261 [M']. 
[J,4-{Mo(C0)4(Ph2P)2NCH2}C6~] 4.52. As for complex 4.51 using [Mo(C0)4nbd] 
(0.048 g, 0.160 mmol) and 4.27 (0.070 g, 0.080 mmol). Yield 0.106 g, 73%. FAB+ 
MS: mlz 1289 [AF]. 
Table E.4.8 Microanalytical data3 for the molybdenum( D) compounds 4.51 and 4.52. 
Compound C H N 
4.51 [J,4-{Mo(C0)4(Ph2P)2N}C6~] 59.06 (59.56) 3.52 (3.63) 2.22 (2.14) 
4.52 [J,4-{Mo(C0)4(Ph2P)2NCH2}C6~].0.25CH2Ch 58.90 (58.50) 3.74 (3.67) 2.14 (2.15) 
a In %, calculated values in parentheses. 
E.4.13 Synthesis and coordination studies of {Ph2PN(H)CH2CH2SCH2}4C6H2 and 
J,2,4,S-{(Ph2P)2NCH2CH2SCH2}4C6H2 
J,2,4,S-{Ph2PN(H)CH2CH2SCH2}4C6H2 4.54. As for 4.3 using Ph2PCl (3.660 g, 
16.588 mmol), J,2,4,5-{NH2CH2SCH2}4C6H2 (1.391 g, 2.930 mmol), NEt3 (1.675 g, 
16.553 mmol) and DMAP (0.040 g, 0.327 mmol) in thf (50 cm3). After stirring for 
18 h the solution was filtered and evaporated to dryness in vacuo to yield a yellow oil. 
Yield 4.231 g, 87%. 
J,2,4,S-{(Ph2P)2NCH2SCH2}4C6H2 4.56. As for 4.26 using Ph2PCl (4.100 g, 18.582 
mmol), J,2,4,5-(H2NCH2SCH2)4C6H2 (1.000 g, 2.300 mmol) and NEt3 (1.940 g, 
19.172 mmol). Yield 4.165 g, 95%. FAB+ MS: m/z 1909 [AF]. 
6 . [{RuCh(Tt -p-MeC6H4'Pr)J,2,4,S-{Ph2PN(H)CH2CH2SCH2}4C6H2] 4.57. As for 
4.19 using [{RuCl(J..l-Cl)(Tt6-p-MeC6~;Pr)}2] (0.077 g, 0.126 mmol) and 4.54 
(0.073 g, 0.062 mmol). Yield 0.140 g, 94%. FAB+ MS: m/z 2360 [M- Cl], 2325 [M-
2Cl]. 
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[{RhCh(TJ5-C5Me5)J,2,4,5-{Ph2PN(H)CH2CH2SCH2}4C6H2] 4.58. As for 4.9 using 
[{RhCl(J.t-Cl)(TJ5-C5Me5)}2] (0.077 g, 0.125 mmol) and 5.54 (0.073 g, 0.0.62 mmol). 
Yield 0.132 g, 88%. F AB+ MS: mlz 2730 [M- Cl], 2336 [M- 2Cl]. 
[1,2,4,5-{CIAuPh2PN(H)CH2CH2SCH2}4C6H2b 4.59. As for 4.22 using [AuCl(tht)] 
(0.044 g, 0.137 mmol) and 4.54 (0.073 g, 0.034 mmol). Addition of diethyl ether 
(30 cm3) afforded 4.59. Yield 0.065 g, 95%. F AB+ MS: mlz 2065 [M- Cl], 2029 [M-
2Cl]. 
1,2,4,5-{(Ph2P(0))2NCH2SCH2}4C6H2 4.60. As for 4.31 using 4.56 (0.150 g, 0.077 
mmol) and aqueous H202 (0.1 cm3, 0.88 mmol). Yield 0.136 g, 85%. FAB+ MS: mlz 
909 [if]. 
1,2,4,5-{(Ph2P(S))2NCH2SCH2}4C6H24.6l. To the solids 4.55 (0.132 g, 0.069 mmol) 
and S8 (0.018 g, 0.561 mmol) was added thf (20 cm3). After stirring the suspension 
for 4 h the volume was concentrated in vacuo to ea. 1 -2 cm3 and addition ofEhO (20 
cm3) gave 4.61 as a white solid. The solid was collected by suction filtration and 
washed with Ei20 (5 cm3). Yield 0.54 g, 36%. FAB+ MS: mlz 2100 [M- 2S], 2036 [M 
-48]. 
1,2,4,5-{(Ph2P(Se))2NCH2SCH2}4C6H2 4.62. As for 4.32 using 4.56 (0.113 g, 0.059 
mmol) and grey Se (0.037 g, 0.469 mmol). After stirring for 4 h, the reaction mixture 
was filtered through a Celite pad to remove unreacted Se. The solvent was 
concentrated in vacuo to ea. 1-2 cm3 and addition of Et20 gave an off white solid. 
Yield 0.069 g, 46%. 
1,2,4,5-{(PtCh)(Ph2P)2NCH2SCH2}4C6H2 4.63. As for complex 4.7 usmg 
[PtCh(cod)] (0.101 g, 0.270 mmol) and 4.56 (0.128 g, 0.067 mmol). Yield 0.178 g, 
89%. 
1,2,4,5-{(PtMe2)(Ph2P)2NCH2SCH2}4C6H2 4.64. As for complex 4.7 usmg 
[PtMe2(cod)] (0.057 g, 0.171 mmol) and 4.56 (0.082 g, 0.043 mmol). Yield 0.072 g, 
60%. FAB+ MS: m/z 1368 [M- Me]. 
1,2,4,5-{(PdCh)(Ph2P)2NCH2SCH2}4C6H2 4.65. As for 4.7 usmg [PdCh(cod)] 
(0.087 g, 0.305 mmol) and 4.56 (0.146 g, 0.077 mmol). Yield 0.178 g, 89%. 
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[J,2,4,5-{Mo(C0)4(Ph2P)2NCH2SCH2}4C6H2] 4.66. As for complex 4.50 usmg 
[Mo(C0)4nbd] (0.088 g, 0.293 mmol) and 4.56 (0.139 g, 0.073 mmol). Yield 0.165 g, 
83%. F AB+ MS: mlz 2740 [if]. 
[J,2,4,5-{(AuCIPh2P)2NCH2SCH2}4C6H2] 4.67. As for 4.22 using [AuCl(tht)] (0.136 
g, 0.424 mmol) and 4.56 (0.101 g, 0.053 mmol). Yield 0.126 g, 63%. 
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Table E.4.9 Microanalytical data a for the compound 4.56 - 4.58 and 4.66. 
Compound 
a In %, calculated values in parentheses. 
c 
69.78 (69.75) 
53.50 (53.13) 
52.97 (52.88) 
56.98 (57.13) 
H 
5.77 (5.48) 
4.99 (5.30) 
5.07 (5.44) 
3.90 (4.25) 
N 
2.86 (2.98) 
1.96 (2.34) 
2.06 (2.33) 
2.04 (1.84) 
E.5 ChapterS 
E.5.1 Thiazole (phosphino )amine ligands 
,..PP~ ,..PP~ 
,..PP~ HN,..PP~ HN 
,..PP~ HN HN N~S N~S N~S N~S HN N~S ~ ~ 0 Me-0 \ I 
Me Cl 
5.1 5.2 5.3 5.4 5.5 
Ph2PN(H)(C3H2NS) 5.1. A solution of Ph2PCl (5.576 g, 25.27 mmol) in Et20 (20 
cm3) was added dropwise over 30 min to a solution ofH2N(C3H2NS) (2.501 g, 24.98 
mmol) and NEt3 (2.550 g, 25.20 mmol) in Et20 (50 cm3) at 0 °C. The resulting white 
suspension was stirred for 18 h, the solvent evaporated to dryness and degassed 
distilled water (50 cm3) added. The solid was collected by suction filtration, washed 
with distilled water (50 cm\ n-hexane (50 cm\ absolute ethanol (2 x 30 cm3) and 
dried in vacuo. Yield 6.420 g, 90%. FAB+ MS: mlz 285 [V], 301 [M+ 0]. 
Ph2PN(H)(C7H4NS) 5.2. As for 5.1 using Ph2PCl (5.340 g, 21.61 mmol), NEt3 (2.410 
g, 23.82 mmol) and H2N(C1RtNS) (3.424 g, 22.80 mmol). Yield 7.058 g, 93%. FAB+ 
MS: mlz 351 [V]. 
Ph2PN(H)(CsH6NS) 5.3. As for 5.1 using Ph2PCl (5.243 g, 23.76 mmol), NEt3 (2.461 
g, 24.32 mmol) and H2N(CsH6NS) (3.718 g, 22.64 mmol). Yield 6.758 g, 84%. FAB+ 
MS: mlz 349 [Mi. 
Ph2PN(H)(CsH6NS) 5.4. As for 5.1 using Ph2PCl (5.042 g, 22.85 mmol), NEt3 (2.349 
g, 24.21 mmol) and H2N(CsHsNS) (3.715 g, 22.62 mmol). Yield 6.420 g, 84%. FAB+ 
MS: m/z 348 [M]. 
Ph2PN(H)(C7H3CINS) 5.5. As for 5.1 using Ph2PCl (4.948 g, 22.43 mmol), NEt3 
(2.507 g, 24.78 mmol) and H2N(C7H3ClNS) (4.181 g, 22.64 mmol). Yield 7.986 g, 
95%. F AB+ MS: m/z 369 [~]. 
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Table E.5.1 Microanalytical data8 for the ligands 5.1 - 5.5. 
Compound 
5.1 Ph2PN(H)(C3H2NS) 
5.2 Ph2PN(H)(C1H.NS) 
5.3 Ph2PN(H)(CsH6NS).0.25H20 
5.4 Ph2PN(H)(CsH6NS).0.25H20 
5.5 Ph2PN(H)(CsH3ClNS) 
a In %, calculated values in parentheses. 
c 
63.08 (63.37) 
67.99 (68.25) 
67.86 (68.06) 
68.35 (68.06) 
61.52 (61.88) 
H 
4.53 (4.61) 
4.44 (4.52) 
4.90 (5.00) 
4.84 (5.00) 
3.80 (3.83) 
N 
9.75 (9.85) 
8.34 (8.38) 
8.01 (7.94) 
7.50 (7.94) 
7.54 (7.60) 
E.5.2 Chalcogenide compounds of the thiazole (phosphino )amines 5.1 - 5.5 
Ph2P(O)N(H)(C3H2NS) 5.6. Aqueous H202 (30% w/w, 0.1 cm3, 0.88 mmol) was 
added to a solution of 5.1 (0.189 g, 0.665 mmol) in thf (10 cm3) and stirred for 1 h. 
The solid was collected suction filtration, washed with Et20 (10 cm3) and dried in 
vacuo. Yield 0.182 g, 91%. FAB+ MS: mlz 301 [M+ H]. 
Ph2P(O)N(H)(C7H4NS) 5.7. As for 5.6 using 5.2 (0.249 g, 0.745 mmol) and aqueous 
H20 2 (0.1 cm3, 0.88 mmol) After stirring for 18 h the solvent was concentrated in 
vacuo to ea. 1-2 cm3 and addition ofEt20 (30 cm3) gave a white solid. Yield 0.214 g, 
82%. 
Ph2P(O)N(H)(CsH6NS) 5.8. As for 5.6 using 5.3 (0.243 g, 0.697 mmol) and aqueous 
H20 2 (0.1 cm3, 0.88 mmol). Yield 0.171 g, 67%. 
Ph2P(O)N(H)(CsH6NS) 5.9. As for 5.6 using 5.4 (0.252 g, 0.723 mmol) and aqueous 
H20 2 (0.1 cm3, 0.88 mmol). Yield 0.234 g, 89%. 
Ph2P(O)N(H)(C,H3CINS) 5.10. As for 5.6 using 5.5 (0.192 g, 0.517 mmol) and 
aqueous H20 2 (0.1 cm3, 0.88 mmol). Yield 0.193 g, 97%. FAB+ MS: mlz 301 [AF]. 
Ph2P(S)N(H)(C3H2NS) 5.11. The solids 5.1 (0.449 g, 1.579 mmol) and Ss (0.051 g, 
1.591 mmol) were stirred in thf (20 cm3) for 4 h. The solvent was concentrated in 
vacuo to ea. 1-2 cm3 and addition ofEhO (30 cm3) gave a pale yellow solid 5.11. The 
product was collected by suction filtration, washed with Et20 (5 cm3) and dried in 
vacuo. Yield 0.487 g, 97%. F AB+ MS: mlz 317 [M+ H]. 
Ph2P(S)N(H)(C,~NS) 5.12. As for 5.11 using 5.2 (0.264 g, 0.790 mmol) and Ss 
(0.029 g, 0.905 mmol) The solution was stirred for 18 h. Yield 0.211 g, 73%. 
299 
Ph2P(S)N(H)(C8H6NS) 5.13. As for 5.11 using 5.3 (0.263 g, 0.754 mmol) and Ss 
(0.023 g, 0.717 mmol). Yield 0.258 g, 95%. 
Ph2P(S)N(H)(CsH6NS) 5.14. As for 5.11 using 5.4 (0.251 g, 0.720 mmol) and Ss 
(0.022 g, 0.686 mmol). Yield 0.259 g, 95%. 
Ph2P(S)N(H)(C7H3CINS) 5.15. As for 5.11 using 5.5 (1.000 g, 2.696 mmol) and Ss 
(0.086 g, 2.682 mmol). Yield 1.028 g, 95%. 
Ph2P(Se)N(H)(C3H2NS) 5.16. The solids 5.1 (0.160 g, 0.562 mmol) and grey 
selenium (0.044 g, 0.557 mmol) were stirred in thf (20 cm3) for 4 h. Unreacted Se was 
removed by filtration through a Celite pad. The solvent was concentrated in vacuo to 
ea. 1-2 cm3 and addition of Et20 (30 cm3) afforded a white solid 5.16. The product 
was collected by suction filtration, washed with EhO (5 cm3) and dried in vacuo. 
Yield 0.199 g, 98%. FAB+ MS: m/z 365 [M+ H]. 
Ph2P(Se)N(H)(C7H4NS) 5.17. As for 5.16 using 5.2 (0.251 g, 0.751 mmol) and grey 
selenium (0.044 g, 0.557 mmol). The solution was left to stir for 18 h. Yield 0.246 g, 
92%. 
Ph2P(Se)N(H)(CsH6NS) 5.18. As for 5.16 using 5.3 (0.256 g, 0.734 mmol) and grey 
selenium (0.056 g, 0.709 mmol). Yield 0.223 g, 73%. 
Ph2P(Se)N(H)(CsH6NS) 5.19. As for 5.6 using 5.4 (0.250 g, 0.718 mmol) and grey 
selenium (0.057 g, 0.721 mmol). Yield 0.190 g, 62%. 
Ph2P(Se)N(H)(C7H3CINS) 5.20. As for 5.6 using 5.5 (0.165 g, 0.445 mmol) and grey 
selenium (0.036 g, 0.456 mmol). Yield 0.175 g, 88%. FAB+ MS: m/z 449 [Ml 
E.5.3 Deprotonation of 5.10 and 5.15 
Deprotonation of 5.10 with 1BuOK 5.25. To a suspension of 5.10 (0.100 g, 0.260 
mmol) in MeOH (10 cm3) was added tBuOK (0.029 g, 0.258 mmol). After stirring for 
18 h the MeOH was removed to dryness and dried the solid in vacuo. Yield 0.087 g, 
65%. 
Deprotonation of 5.15 with 1Bu0K 5.26. As for 5.21 using 5.15 (0.100 g, 0.249 
mmol) and tBuOK (0.028 g, 0.250 mmol). Yield 0.087 g, 67%. 
300 
Table E.5.2 Microanalytical data a for the oxidised (phosphino )amines 5.6- 5.20. 
Compound 
5.6 Ph2P(O)N(H)(C3H2NS) 
5. 7 Ph2P(O)N(H)(C7RtNS).0.2SH20 
5.8 Ph2P(O)N(H)(CsH6NS).0.2SH20 
5.9 Ph2P(O)N(H)(CsH6NS) 
5.10 Ph2P(O)N(H)(C7H3ClNS) 
5.11 Ph2P(S)N(H)(C3H2NS) 
5.12 Ph2P(S)N(H)(C7RtNS) 
5.13 Ph2P(S)N(H)(CsH6NS) 
5.14 Ph2P(S)N(H)(CsH6NS) 
5.15 Ph2P(S)N(H)(C7H3ClNS) 
5.16 Ph2P(Se)N(H)(C3H2NS) 
5.18 Ph2P(Se)N(H)(CsH6NS) 
5.19 Ph2P(Se)N(H)(CsH6NS) 
5.20 Ph2P(Se)N(H)(C7H3ClNS) 
a In %, calculated values in parentheses. 
c 
59.61 (59.99) 
64.21 (64.31) 
64.96 (65.11) 
65.47 (65.92) 
59.25 (59.30) 
56.74 (56.94) 
61.83 (62.28) 
61.11 (61.04) 
62.94 (63.14) 
56.79 (56.93) 
49.77 (49.60) 
56.44 (56.21) 
56.71 (56.21) 
51.11 (50.96) 
H 
4.40 (4.36) 
4.25 (4.40) 
4.88 (5.32) 
4.75 (4.70) 
3.63 (3.67) 
4.18 (4.14) 
4.06 (4.13) 
4.56 (4.41) 
4.66 (4.50) 
3.43 (3.52) 
3.85 (3.61) 
4.25 (4.01) 
4.28 (4.01) 
2.94 (3.15) 
N 
9.20 (9.33) 
8.07 (7.89) 
7.24 (7.59) 
7.46 (7.69) 
7.12 (7.28) 
8.72 (8.85) 
7.30 (7.64) 
6.92 (7.05) 
6.51 (7.36) 
6.78 (6.99) 
7.60 (7.71) 
6.45 (6.55) 
6.29 (6.55) 
6.12 (6.26) 
E.5.4 Platinum(II) and palladium(II) complexes of the thiazole 
(phosphino )amines 5.1 - 5.5 
Reaction of 5.1 with [PtCh(cod)] 5.28. Solid 5.1 (0.137 g, 0.485 mmol) was added 
to a CH2Ch (1 0 cm3) solution of [PtCl( cod)] (0.090 g, 0.240 mmol) and stirred for 30 
min. The solvent was removed under reduced pressure to ea. 1 - 2 cm3 and addition 
of Et20 (20 cm3) gave an off-white solid which was collected by suction filtration and 
dried in vacuo. Yield 0.183 g, 91%. FAB+ MS: mlz 799 [M- Cl], 763 [M -2Cl]. 
Reaction of 5.2 with [PtCh(cod)] 5.29. As for 5.28 using 5.2 (0.152 g, 0.455 mmol) 
and [PtCl(cod)] (0.081 g, 0.217 mmol). Yield 0.203 g, 93%. FAB+ MS: mlz 899 [M-
Cl]. 
Reaction of 5.3 with [PtCh(cod)] 5.30. As for 5.28 using 5.3 (0.030 g, 0.086 mmol) 
and [PtCl(cod)] (0.016 g, 0.043 mmol). Yield 0.023 g, 50%. 
Reaction of 5.4 with [PtCh(cod)] 5.31. As for 5.28 using 5.4 (0.191 g, 0.548 mmol) 
and [PtCl(cod)] (0.102 g, 0.273 mmol). Yield 0.264 g, 98%. 
Reaction of 5.5 with [PtCh(cod)] 5.32. As for 5.28 using 5.5 (0.178 g, 0.483 mmol) 
and [PtCl(cod)] (0.090 g, 0.240 mmol). Yield 0.224 g, 93%. FAB+ MS: m/z 961 [M-
Cl], 931 [M- 2Cl]. 
301 
Reaction of5.1 with [PdCh(cod)] 5.34. As for 5.28 using 5.1 (0.152 g, 0.535 mmol) 
and [PdCl(cod)] (0.076 g, 0.266 mmol). Yield 0.197 g, 99%. FAB+ MS: mlz 709 [M-
Cl], 673 [M- 2Cl]. 
Reaction of 5.2 with [PdCh( cod)] 5.35. As for 5.28 using 5.2 (0.115 g, 0.344 mmol) 
and [PdCl(cod)] (0.049 g, 0.172 mmol). Yield 0.140 g, 94%. FAB+ MS: mlz 709 [M-
Cl], 673 [M- 2Cl]. 
Reaction of5.3 with [PdCh(cod)] 5.36. As for 5.28 using 5.3 (0.160 g, 0.459 mmol) 
and [PdCl(cod)] (0.064 g, 0.225 mmol). Yield 0.167 g, 85%. FAB+ MS: mlz 839 [M-
Cl], 801 [M- 2Cl]. ]. 
Reaction of5.4 with [PdCh(cod)] 5.37. As for 5.28 using 5.4 (0.160 g, 0.459 mmol) 
and [PdCl(cod)] (0.064 g, 0.225 mmol). Yield 0.198 g, 99%. FAB+ MS: mlz 839 [M-
Cl], 801 [M- 2Cl]. 
Reaction of5.5 with [PdCh(cod)] 5.38. As for 5.28 using 5.5 (0.178 g, 0.483 mmol) 
and [PdCl(cod)] (0.090 g, 0.240 mmol). Yield 0.224 g, 93%. FAB+ MS: m/z 879 [M-
Cl], 843 [M- 2Cl]. 
ciY-[Pt{Ph2PN(CNSC2H2)-P,N}2] 5.39. To a solution of 5.28 (0.080 g, 0.096 mmol) 
in MeOH (5 cm3) was added 1Bu0K (0.030 g, 0.245 mmol) and a white solid formed. 
After stirring for 24 h, the solid was collected by suction filtration washed with 
MeOH (5 cm3) and dried in vacuo. Yield 0.068 g, 93%. 
cis-[Pt{Ph2PN(CNSC6H4)-P,N}2] 5.40. As for 5.39 using 5.29 (0.120 g, 0.128 mmol) 
and 1BuOK (0.040 g, 0.356 mmol). Yield 0.074 g, 80%. 
ciY-[Pt{Ph2PN(CsH6NS)-P,N}2] 5.41. As for 5.39 using 5.31 (0.100 g, 0.104 mmol) 
and 1Bu0K (0.030 g, 0.245 mmol). Yield 0.074 g, 80%. F AB+ MS: mlz 890 [M] 
cis-[Pt{Ph2PN(C6H3CINS)-P,N}2] 5.42. As for 5.39 using 5.32 (0.108 g, 0.108 
mmol) and 1Bu0K (0.030 g, 0.245 mmol). Yield 0.095 g, 95%. 
ciY-[Pd{Ph2PN(CNSC2H2)-P,N}2] 5.43. As for 5.39 using 5.34 (0.100 g, 0.134 
mmol) and 1Bu0K (0.037 g, 0.330 mmol). Yield 0.081 g, 90%. 
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cis-[Pd{Ph2PN(CNSC61Lt)-P,N}2] 5.44. As for 5.39 using 5.35 (0.100 g, 0.134 
mmol) and 'BuOK (0.035 g, 0.312 mmol). Yield 0.076 g, 83%. F AB+ MS: mlz 775 
[M']. 
cis-[Pd{Ph2PN(C8H6NS)-P,N}2] 5.45. As for 5.39 using 5.36 (0.100 g, 0.114 mmol) 
and 'BuOK (0.035 g, 0.312 mmol). Yield 0.087 g, 95%. FAB+ MS: mlz 800 [M']. 
cis-[Pd{Ph2PN(CsH6NS)-P,N}2] 5.46. As for 5.39 using 5.37 (0.100 g, 0.114 mmol) 
and 'BuOK (0.035 g, 0.312 mmol). Yield 0.083 g, 91%. FAB+ MS: mlz 801 [M]. 
cis-[Pd{Ph2PN(C6HJC1NS)-P,N}2] 5.47. As for 5.39 using 5.38 (0.100 g, 0.109 
mmol) and 'BuOK (0.032 g, 0.285 mmol). Yield 0.084 g, 91%. F AB+ MS: mlz 843 [M 
+H]. 
Table E.5.3 Microanalytical for the platinum(ll) and palladium(II) compounds 5.28, 
5.29, 5.32, 5.34, 5.36-5.39 and 5.41- 5.47. 
Compound 
5.28 [PtCh{Ph2PN(H)(C3H2NS)}2] 
5.29 [PtCh{Ph2PN(H)(C7!4NS)}2] 
5.32 [PtCh {Ph2PN(H)(C6H3ClNS) }2].0.2SCH2Ch 
5.34 [PdCh{Ph2PN(H)(C3H2NS)}2] 
5.36 [PdCh{Ph2PN(H)(CsH6NS)}2].0.2SCH2Ch 
5.37 [PdCh {Ph2PN(H)(CsH6NS) }2].0.2SCH2Ch 
5.38 [PdCh {Ph2PN(H)(C6H3ClNS) }2].0.SCH2Ch 
5.39 [Pt{Ph2PN(C3H2NS)-P,N}2] 
5.41 [Pt{Ph2PN(Cs~NS)-P,N}2] 
5.42 [Pt{Ph2PN(C6H3ClNS)-P,N}2] 
5.43 [Pd{Ph2PN(C3H2NS)-P,N}2] 
5.44 [Pd {Ph2PN(C7l-4NS)-P,N}2].0.5CH2Ch 
5.45 [Pd{Ph2PN(CsH6NS)-P,N}2] 
5.46 [Pd {Ph2PN(CsH6NS)-P,N}2].0.SCH2Ch 
5.47 [Pd{Ph2PN(C6H3ClNS)-P,N}2].0.2SCH2Ch 
a In %, calculated values in parentheses. 
c 
42.89 (43.17) 
48.01 (48.83) 
44.68 ( 44.83) 
47.78 (48.31) 
54.11 (53.99) 
54.30 (53.99) 
48.06 ( 48.30) 
47.22 (47.31) 
53.71 (53.99) 
48.95 (49.04) 
53.11 (53.53) 
57.58 (57.83) 
59.49 (59.96) 
57.92 (57.65) 
52.84 (53.08) 
H 
3.11 (3.13) 
3.62 (3.62) 
2.85 (2.80) 
3.31 (3.51) 
4.21 (3.88) 
4.48 (3.88) 
3.10 (3.05) 
3.06 (3.18) 
3.69 (3.62) 
2.75 (2.82) 
3.35 (3.59) 
3.43 (3.62) 
3.64 (4.03) 
3.72 (3.94) 
2.93 (3.14) 
E.5.5 Gold (I) complexes of the thiazole (phosphino )amines 5.1 - 5.5 
N 
6.36 (6.71) 
5.64 (5.64) 
5.04 (5.45) 
7.23 (7.51) 
6.63 (6.26) 
6.17 (6.26) 
5.56 (5.85) 
7.18 (7.36) 
6.06 (6.30) 
5.86 (6.02) 
8.25 (8.32) 
6.84 (7.05) 
6.32 (6.99) 
6.70 (6.64) 
6.40 (6.47) 
[AuCl{Ph2PN(H)(C3H2NS)}] 5.48. To a solution of [AuCl(tht)] (0.062 g, 0.193 
mmol) in CH2Ch (10cm3) was added 5.1 (0.055 g, 0.194 mmol) and stirred for 1 h. 
The solvent was reduced to ea. 1 - 2 cm3 and addition of Et20 (30 cm3) gave an off-
white solid. The product was collected by suction filtration, washed with Et20 (5 cm3) 
and dried in vacuo. Yield 0.082 g, 82%. F AB+ MS: mlz 517 [M]. 
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(AuCl{Ph2PN(H)(C7~NS)}] 5.49. As for 5.48 using [AuCl(tht)] (0.056 g, 0.175 
mmol) and 5.2 (0.059 g, 0.176 mmol). Yield 0.088 g, 88%. FAB+ MS: mlz 567 [M]. 
[AuCl{Ph2PN(H)(CsH6NS)}] 5.50. As for 5.48 using [AuCl(tht)] (0.055 g, 0.171 
mmol) and 5.3 (0.060 g, 0.172 mmol). Yield 0.092 g, 92%. F AB+ MS: mlz 581 [M]. 
[AuCl{Ph2PN(H)(CsH6NS)}] 5.51. As for 5.48 using [AuCl(tht)] (0.055 g, 0.171 
mmol) and 5.4 (0.060 g, 0.172 mmol). Yield 0.077 g, 77%. F AB+ MS: m/z 581 [M]. 
(AuCl{Ph2PN(H)(C7H3CINS)}] 5.52. As for 5.48 using [AuCl(tht)] (0.053 g, 0.165 
mmol) and 5.5 (0.062 g, 0.168 mmol). Yield 0.091 g, 91%. FAB+MS: mlz 601 [M]. 
Table E.5.4 Microanalytical for the gold(I) compounds 5.48, 5.49, 5.51 and 5.52. 
Compound 
5.48 [AuCl {Ph2PN(H)(C3H2NS)}] 
5.49 [AuCl{Ph2PN(H)(C7H.NS)}] 
5.51 [AuCl {Ph2PN(H)(CsH6NS)}] 
5.52 [AuCl{Ph2PN(H)(C6H3ClNS)}] 
a In %, calculated values in parentheses. 
c 
34.46 (34.86) 
39.87 (40.26) 
40.80 (41.35) 
38.00 (37.96) 
H 
2.40 (2.53) 
2.50 (2.67) 
2.84 (2.95) 
2.39 (2.35) 
N 
5.28 (5.42) 
4.84 (4.94) 
4.68 (4.82) 
4.51 (4.66) 
E.5.6 Copper(I) complexes of the thiazole (phosphino )amines 5.1 - 5.5 
[Cu{Ph2PN(H)(C3H2NS)-P,N}2]PF6 5.54. To a solution of [Cu(CH3CN)4]PF6 (0.088 
g, 0.236 mmol) in CH2Ch (20 cm3) was added 5.1 (0.150 g, 0.528 mmol) and the 
resulting solution stirred for ea. 2 h. The volume was concentrated in vacuo to ea. 1 -
2 cm3 and addition ofEt20 (30 cm3) gave 5.49 as a white solid. Yield: 0.187 g, 91%. 
FAB+ MS: mlz 631 [M -PF6]. 
[Cu{Ph2PN(H)(C7H3NS)-P,N}2]PF6 5.55. As for 5.54 usmg [Cu(CH3CN)4]PF6 
(0.100 g, 0.268 mmol) and 5.2 (0.180 g, 0.538 mmol). Yield 0.218 g, 94%. 
[Cu{Ph2PN(H)(CsH6NS)-P,N}2]PF6 5.56. As for 5.54 using [Cu(CH3CN)4]PF6 
(0.107 g, 0.287 mmol) and 5.3 (0.202 g, 0.580 mmol). Yield 0.213 g, 87%. 
[Cu{Ph2PN(H)(CsH6NS)-P,N}2]PF6 5.57. As for 5.54 using [Cu(CH3CN)4]PF6 
(0.117 g, 0.313 mmol) and 5.4 (0.220 g, 0.631 mmol). Yield 0.236 g, 83%. 
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[Cu{Ph2PN(H)(C7H3CINS)-P,N}]PF6 5.58. As for 5.54 using [Cu(CH3CN)4]PF6 
(0.078 g, 0.209 mmol) and 5.5 (0.156 g, 0.423 mmol). Yield 0.177 g, 89%. F AB+ MS: 
m/z631 [M-PF6]. 
Table E.5.5 Microanalytical for the copper(I) compounds 5.54 - 5.58. 
Compound 
5.54 [Cu{Ph2PN(H)(C3H2NS)-P,N}2]PF6 
5.55 [Cu{Ph2PN(H)(C7~NS)-P,N}2]PF6.0.15CH2Ch 
5.56 [Cu {Ph2PN(H)(CsH6NS)-P,N}2]PF 6.0.25CH2Ch 
5.57 [Cu{Ph2PN(H)(CsH6NS)-P,N}2]PF6.0.25CH2Ch 
5.58 [Cu{Ph2PN(H)(C6H3ClNS)-P,N}2]PF6 
a In %, calculated values in parentheses. 
E.5. 7 Reactions of the sulfides 5.11 - 5.25 
c 
46.36 (46.37) 
49.69 (50.21) 
52.22 (52.17) 
52.07 (52.17) 
48.28 ( 48.24) 
H 
3.63 (3.37) 
3.63 (2.94) 
3.95 (3.75) 
3.71 (3.75) 
3.11 (2.98) 
N 
6.72 (7.21) 
5.60 (6.05) 
6.01 (6.05) 
6.01 (6.05) 
5.83 (5.92) 
Reaction of 5.11 with [PdCh(cod)] and deprotonation with 1Bu0K 5.60. To a 
suspension of5.11 (0.100 g, 0.316 mmol) in MeOH (10 cm3) was added [PdCh(cod)] 
(0.045 g, 0.158 mmol) was added and stirred for 30 min. 1Bu0K (0.035 g, 0.312 
mmol) in one portion and left to stir for 15 h. The yellow precipitate was collected by 
suction filtration and washed with MeOH (2 cm3) and dried in vacuo. Yield 0.115 g, 
99%. 
Reaction of 5.25 with [{IrCI(J.1-Cl)(TJ5-CsMes)hl 5.62. To a solution of [{IrCl(J.l-
Cl)(TJ5-C5Me5)}2] (0.045 g, 0.158 mmol) in thf (5 cm3) was added 
Ph2P(S)N(H)(CNSC2H2) 5.25 (0.052 g, 0.013 mmol) and stirred for 30 min. The 
mixture was filtered through a small Celite pad and the solvent reduced to dryness. 
CH2Ch (1 cm3) was added and addition of Et20 (15 cm3) gave an orange I yellow. 
Yield 0.069 g, 78%. F AB+ MS: m/z 726 [M- Cl]. 
Reaction of5.25 with [{RhCI(J.1-Cl)(TJ5-C5Me5)}2]5.63. As for 5.62 using [{RhCl(J.l-
Cl)(TJ5-CsMes)h] (0.041 g, 0.066 mmol) and 5.25 (0.058 g, 0.014 mmol). Yield 0.069 
g, 77%. F AB+ MS: m/z 735 [M- Cl]. 
Table E.5.6 Microanalytical for 5.62 and 5.63. 
Compound 
5.62 [IrCh(TJ5 -CsMes){Ph2PN(H)(C6H3ClNS)-P,N}] 
5.63 [RhCh( 115 -CsMes){Ph2PN(H)(C6H3ClNS)-P,N}] 
a In %, calculated values in parentheses. 
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C H N 
45.45 (45.62) 3.47 (3.70) 3.45 (3.67) 
51.43 (51.71) 4.17 (4.20) 3.94 (4.16) 
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The synthesis, and characterisation, of a new functionalised bis(phosphino)amine Ph2PN(o-C6H40Me)PPh2 1 from 
o-H2NC6H40Me and 2 equiv. of Ph2PC1 in diethyl ether at 0 oc is reported. Oxidation of 1 with either aqueous 
H20 2 , elemental Ss or grey Se affords the phosphorus(v) compounds Ph2P(E)N(o-C6H40Me)P(E)Ph2 (E = 0 2; S 
3 or Se 4). Partial oxidation of 1 with 1 equiv. of Ss in n-hexane affords the mixed P(m)/P(v) species Ph2P(S)N(o-
C6H40Me)PPh2 5 in addition to small amounts of 3. Reaction of 1 (or 5) with [MX2(cod)] (M = Pd, Pt; X= Cl or 
CH3; cod= cycloocta-1,5-diene) affords either cis-[MX2{Ph2PN(o-C6H40Me)PPh2}] (M = Pd, X = Cl6; 
M= Pt, X= Cl7; M= Pt, X= CH3 8) or the neutral five-membered chelate complexes [MC12{Ph2 P(S)N(o-
C6H40Me)PPh2}] (M = Pd 9, M = Pt 10) in which P,P- or P,S-chelation respectively was observed. Likewise 
reaction of [Mo(CO)inbd)] (nbd = norbomadiene) or [Cu(MeCN)4]PF 6 with 1 gave cis-[Mo(C0)4{Ph2PN(o-
C6H~OMe)PPh2}] 11 or [Cu{Ph2PN(o-C6H40Me)PPh2h]PF 6 12. Chloro-bridge cleavage and arene elimination 
of [{RuC12(p-cym)hJ (p-\.)'IIl = p-cymene) with 1 (1 : 2 metal: ligand ratio) affords, in good yield, the octahedral 
bis chelate ruthenium(n) complex trans-[RuC12{Ph2 PN(o-C6H40Me)PPh2h] 13. In contrast, reaction of 1 with 
two equiv. of [AuCl(tht)] (tht = tetrahydrothiophene) gave the dinuclear complex [(ClAu)Ph2 PN(o-
C6H40Me)PPh2(AuCl)] 14 in which the bis(phosphino)amine P,P-bridges two {AuCl} metal fragments. All new 
compounds have been characterised by a combination of multinuclear NMR [ 1H, 31PPH} and 195Pt{lH}], IR 
spectroscopy and elemental analyses. The molecular structures of six representative examples have been determined 
by single-crystal X-ray crystallography. 
Introduction 
There is immense interest in the development of new 
phosphorus(m) ligands for various applications principally 
those of homogeneous metal-catalysed reactions. Functional-
isation of for example, tertiary phosphines 1 and to a consider-
ably lesser extent, tertiary phosphites2 can provide an 
excellent strategy for finely regulating stereoelectronic proper-
ties. Moreover the incorporation of highly polar functional 
groups3 or fluorous "ponytails"4 into a phosphorus(m) ligand 
structure can dramatically increase the solubility of the 
resulting ligands and their corresponding complexes in 
aqueous and fluorous solvents respectively. We have initiated 
a programme directed towards the functionalisation of phos-
phinoamines, R2PN(H)R' and recently described the facile 
synthesis of two new ligands bearing an ortho keto group 
located on the secondary amine R' moiety.5 Furthermore 
platinum(n) and rhodium(m) complexes of these ligands were 
shown to undergo smooth intramolecular C,pz-H bond acti-
vation affording extremely rare examples of five-membered 
M-P-N-C-C metallacycles.5 A longer ongoing aim of our 
work is modification of the exocyclic R groups bound to 
phosphorus. In contrast the chemistry of "short-bite" ligands6 
including bis(phosphino)amines 7•s has been reasonably well 
documented although pendant 0-donor functionalised deriv-
atives remain sparse. The inclusion of ether groups into ter-
tiary phosphines is one popular choice as illustrated by 
several very recent reports.9 Particular interest in these 
systems originates from the observation that they can behave, 
upon co-ordination, as hernilabile ligands in which the pm 
centre is firmly anchored to the metal whilst there exists a 
weak M-0 interaction which can readily be cleaved by sub-
strates e.g. in a homogeneous catalytic reaction.10 
DOl: 10.1039fb001458n 
Herein we describe the synthesis of a new methoxy func-
tionalised bis(phosphino)amine and present some of its co-
ordination chemistry with selected transition-metals. The 
structures of all new compounds have been elucidated by a 
combination of multinuclear NMR spectroscopy, IR spectros-
copy, elemental analyses and, in several instances, by X-ray 
crystallography. 
Experimental 
General 
All reactions were performed under nitrogen unless otherwise 
stated. The starting materials [MC1 2(cod)] (M= Pd, Pt),11•12 
[Pt(CH3h(cod)], 13 [AuCl(tht)], 14 [{Ru(p-cym)Cl2}2] (p-
cym = p-cymene)15 and [RuClidmso)4r 6 were prepared 
according to previous reported procedures. The compounds 
o-H2NC6H4 0Me, Ph2PC1, [Mo(CO)inbd)] and 
[Cu(MeCN)4]PF 6 were purchased from Aldrich Chemical Co 
and used directly, with the exception of o-H2NC6H40Me and 
Ph2PC1 which were distilled prior to use. 
Infrared spectra were recorded as KBr pellets in the range 
4000-220 cm- 1 on a Perkin-Elmer System 2000 Fourier-
transform spectrometer. 1 H NMR spectra (250 MHz) were 
recorded on a Bruker AC250 FT spectrometer with chemical 
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shifts (.5) in ppm to high frequency of SiMe4 and coupling 
constants (J) in Hz, 31 P{1H} NMR spectra (36.2 MHz) were 
recorded on a JEOL FX90Q spectrometer with chemical 
shifts (.5) in ppm to high frequency of 85% H3P04 and coup-
ling constants (J) in Hz and 195Pt(IH} NMR spectra (53.7 
MHz) were recorded on a Bruker AC250 Ff NMR spectra-
meter with .5 referenced to external H 2PtC16 (in D 20fHO). 
All spectra were measured in CDC13 unless otherwise stated. 
Elemental analyses (Perkin-Elmer 2400 CHN Elemental 
Analyzer) were performed by the Loughborough University 
Analytical Service within the Department of Chemistry. 
Precious metal salts were provided on loan by Johnson 
Matthey plc. 
Preparations 
Pb2PN(o-C6H 4 0Me)PPb2 , 1. A solution of Ph2PC1 (5.02 
g, 22.8 mmol) in Et20 (20 cm3) was added dropwise over 45 
min to a solution of o-H2NC6H4 0Me (1.40 g, 11.4 mmol) and 
NEt3 (2.35 g, 23.2 mmol) in Et20 (50 cm3) at ooc. The 
resulting white suspension was stirred for 18 h, the solvent 
evaporated to dryness and degassed distilled water (100 cm3) 
added. The solid was collected by suction filtration, washed 
with n-hexane (50 cm3), absolute EtOH (2 x 50 cm3) and 
dried in vacuo. Yield: 3.57 g, 64%. Selected IR: 2829 
vrn(OMe) cm- 1• 
Pb2P(O)N(o-C6H40Me)P(O)Pb2 , 2. A thf (10 cm3) solu-
tion of 1 (0.250 g, 0.509 mmol) and aqueous H20 2 (30% wfw, 
O.l cm3) was stirred for 18 h. The solution was evaporated to 
dryness under reduced pressure to give 2 as a white solid. 
Yield: .0.170 g, 64%. Selected IR: 2835 vCH(OMe); 1221, 1210 
Vpo cm- 1• 
Pb2P(S)N(o-C6H40Me)P(S)Pb2 , 3. To the solids 1 (0.250 
g, 0.509 mmol) and Sa (0.038 g, 1.19 mmol) was added thf (20 
cm3) and this was refiuxed for ea. 18 h. The volume was con-
centrated in vacuo to ea. 1-2 cm3 and addition of n-hexane (20 
cm3) gave 3 as a white solid which was collected by suction 
filtration. Yield: 0.262 g, 92%. Selected IR: 2840 vCH(OMe); 
611 VPS cm- 1• 
In a similar manner Ph2P(Se)N(o-C6H4 0Me)P(Se)Ph2 4 
was synthesised from 1 and grey Se. Yield: 0.278 g, 84%. 
Selected IR: 2834 vcJOMe); 571 vPS. cm- 1• Slow diffusion of 
light petroleum (bp 60-80 oq into a CDCI3/CH2CI2 solution 
of 4 over 72 h gave crystals suitable for X-ray crystallography. 
Pb2P(S)N(o-C6H40Me)PPb2 , 5. A mixture of 1 (0.250 g, 
0.509 mmol) and Sa (0.016 g, 0.499 mmol) in n-hexane (10 cm3) 
were refiuxed for 6 h. After allowing the mixture to cool to 
room temperature the white solid was collected by suction fil-
tration and dried in vacuo. Examination of the solid by 
31P(IH} NMR spectroscopy revealed the major species (ea. 
90%) to be 5 in addition to small amounts of the disulfide 3 
(ea. 10%). Selected IR: 2831 VcH(OMe); 667, 629, 613 vPS 
-1 cm . 
[PdC12{Pb2PN(o-C6 H40Me)PPb2} ), 6. A solution of 
[PdCiicod)] (0.049 g, 0.172 mmol) and 1 (0.086 g, 0.175 
mmol) in CH2CI2 (10 cm3) was stirred for ea. 1.5 h. The 
volume was concentrated to ea. 1-2 cm3 by evaporation under 
reduced pressure and addition of diethyl ether (20 cm3) gave a 
yellow solid 6. The product was collected by suction filtration 
and dried in vacuo. Yield: 0.110 g, 94%. Selected IR: 312, 288 
vPdCJ cm - 1• Slow diffusion of diethyl ether into a CH2Cl2 solu-
tion of 6 over 72 h gave crystals suitable for X-ray crystallog-
raphy. 
In a similar manner [PtCI2{Ph2 PN(o-C6H40Me)PPh2}] 7 
(98%) was prepared. Selected IR: 2835 vCH(OMe); 313, 291 
-1 
vPta cm . 
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[Pt(CH3}z{Pb2PN(o-C6H40Me)PPb2 } ), 8. To a solution 
of [Pt(CH3h(cod)] (0.050 g, 0.150 mmol) in toluene (10 cm3) 
was added 1 (0.068 g, 0.138 mmol) and the solution stirred for 
10 min. The volume was concentrated to ea. 1-2 cm3 by 
evaporation under reduced pressure and addition of diethyl 
ether (10 cm3) and light petroleum (bp 60-80°C, 10 cm3) gave 
a white solid 8. The product was collected by suction filtration 
and dried in vacuo. Yield: 0.086 g, 80%. Selected IR: 2837 
vrn(OMe) cm- 1• 
[PtCI2{Pb2P(S)N(o-C6H4 0Me)PPb2} ), 10. To the solids 5 
(0.100 g, 0.191 rnmol) and [PtCI2(cod)] (0.064 g, 0.171 rnmol) 
was added CH2 CI2 (20 cm3). After stirring for 30 min the 
volume was concentrated to ea. 1 cm3 and diethyl ether (20 
cm3) added. The pale yellow solid was collected by suction 
filtration and dried in vacuo. Yield: 0.132 g, 97%. Selected1R: 
2838 vrn(OMe); 328, 300 vPtct cm- 1• Slow diffusion of diethyl 
ether into a CDCI3/CH2 CI2 solution of 10 over several days 
gave crystals suitable for X-ray crystallography. 
In a similar manner [Pd02{Ph2P(S)N(o-C6 H40Me)PPh2 }] 
9 was also prepared (73%). Selected IR: 2834 vrn(OMe); 316, 
289 vPdCJ cm - 1• 
[Mo(COMPb2PN(o-C6H4 0Me)PPb2 } ), 11. To a solution 
of [Mo(COMnbd)] (0.100 g, 0.333 rnmol) in CH2Cl2 (20 cm3) 
was added 1 (0.163 g, 0.332 mmol) and the resulting solution 
stirred for ea. 2 h. The solution was filtered through a small 
Celite pad and the volume concentrated in vacuo to ea. 1-2 
cm3• Addition of light petroleum (bp 60-80°C, 20 cm3) gave 
11. The mixture was stored at ea. 0 oc overnight and the solid 
collected by suction filtration and dried in vacuo. Yield: 0.235 
g, 89%. Selected IR: 2335 vrn(OMe); 2021, 1922, 1907, 1863 
V eo cm - 1• Slow diffusion of light petroleum into a CDCI3 
solution of 11 over 72 h gave crystals suitable for X-ray crys-
tallography. 
[Cu{Pb2PN(o-C6H4 0Me)PPb2} 2 )PF6 , 12. To a solution 
of [Cu(CH3CN)4]PF 6 (0.071 g, 0.191 mmol) in CH2CI2 (20 
cm3) was added 1 (0.187 g, 0.380 rnmol) and the resulting solu-
tion stirred for ea. 2 h. The volume was concentrated in vacuo 
to ea. 2 cm3 and addition of diethyl ether (15 cm3) gave 12 as 
a white solid. Yield: 0.195 g, 86%. Selected IR: 2836 
vrn(OMe) cm - 1• Slow diffusion of diethyl ether into a CDC13 
solution of 12 over 72 h gave crystals suitable for X-ray crys-
tallography. 
[RuCI2 {Pb2 PN(o-C6H4 0Me)PPb2 } 2 ), 13. To the solids 
[{Ru(p-cym)Cl2h] (0.020 g, 0.033 rnmol) and 1 (0.064 g, 0.130 
rnmol) was added CDCI3 (1 cm3) to give an immediate dark 
red solution. After stirring for ea. 18 h the dark yellow suspen-
sion was filtered, the solid washed with a small portion of 
CDCI3 (0.5 cm3) and dried in vacuo. Yield: 0.067 g, 89%. 
Selected IR: 2829 vrn(OMe) cm- 1• Alternatively 13 was pre-
pared in lower yield (33%) from [RuCI2(dmso)~ and 2 equiv. 
of 1. Suitable crystals of 13 for X-ray crystallography were 
obtained by allowing a CDCI3 solution of [{Ru(p-cym)Cl2h] 
and 1 to stand for several days. 
[ {AuCI}z{Pb2PN(o-C6H4 0Me)PPb2} ), 14. To the solids 
[AuCI(tht)] (0.030 g, 0.092 rnmol) and 1 (0.023 g, 0.047 rnmol) 
was added CDCI3 (2 cm3). The solution was examined by 
31 P(IH} NMR spectroscopy and showed the only phos-
phorus species to be 14. Addition of diethyl ether (15 cm3) 
gave 14 as a white solid. Yield: 0.044 g, 94%. Selected IR: 
2835 vcJOMe); 326 vAuCJ cm- 1• 
X-Ray crystallograpby 
The crystal structures of compounds 4, 6 and 10-13 were 
determined using a Rigaku AFC7S serial diffractometer with 
graphite-monochromated (Cu-Ka) radiation (..t = 1.54178 A) 
and m-scans or a Bruker SMART diffractometer with 
graphite-monochromated Mo-Ka. radiation (A.= 0.71073 A). 
Details of the crystal data collections and refinements are 
given in Table 1. For the SMART data, intensities were col-
lected using 0.3° or 0.15° width m steps accumulating area 
detector frames spanning a hemisphere of reciprocal space for 
all structures (data were integrated using the SAINT17 
program) and for the Rigaku AFC7S data collections by 
m-scans over a single quadrant of reciprocal space. All data 
were corrected for Lorentz, polarisation and long-term inten-
sity fluctuations. Absorption effects were corrected on the 
basis of multiple equivalent reflections or by empirical 
methods.18 
Structures were solved by direct methods and refined by full 
matrix least squares against F (IEXSAN19) or F 2 
(SHELXTL20) for all data with I> 2a(l). Standard 
SHELXTL weighting scheme was used for 4, 6 and 10-12 
whilst in the case of 13 the weighting scheme for the Rigaku/ 
TEXSAN was as previously reported.21 All non H-atoms in 
the structures were refined anisotropically including the 1/2 
weight CHC13 in 6 and 10. The additional 1/2 weight CH2Cl2 
in 6 was refined isotropically. The two protons on the 1/2 
weight CH2Cl2 in 6 were not located In 10 the C-H proton 
on the 1/2 weight CHC13 was located. For 13 the C-H 
protons on the two CHC13 solvates were located whilst the 
C-H protons on the disordered CH2Cl2 were not. All other 
protons were refined in idealised geometries with a riding 
model. Refinements converged to residuals given in Table 1. 
All calculations were made with programs of SHELXTL 
systems. 
CCDC reference number 440/180. See http://www.rsc.org/ 
suppdatafnjfb0fb001458n/ for crystallographic files in .cif 
format 
Results and discussion 
The aminolysis of chlorophosphines is an efficient method for 
preparing R2PN(H)R' or (R2PhNR' yet this procedure has 
13 
12 
~ 
~OMe 
_..N, 
CIAuPh2P PPh~uCI 
14 
11 
not widely been exploited, in part possibly because of the 
associated instability of the P-N bonds in these ligands. The 
synthesis of the new ligand Ph2PN(o-C6H40Me)PPh2 1 
(Scheme 1) by treatment of commercially available Ph2PCl 
with o-H2NC6H40Me proceeded smoothly in diethyl ether 
and gave, after workup, a white solid in 64% yield. Attempts 
to prepare the mono(phosphino)amine Ph2PNH(o-
C6H40Me) using a 1 : 1 stoichiometry, gave under the experi-
mental conditions used here, only 1 after workup albeit in 
reduced yield. We have also successfully used this procedure. 
for the synthesis of other functionalised ligands and these will 
be reported in due course. The 31PeH} NMR spectrum of 1 
showed a single resonance at li(P) 65.6 (fable 2) similar to that 
previously observed for the unsubstituted ligand 
Ph2PN(C6H 5)PPh2 [o(P) 68.86] indicating marginal chemical 
shift change as a consequence of introducing an o-methoxy 
group. Solutions of 1 in CDC13 , prepared under anaerobic 
conditions, are unstable and decompose gradually over ea. 
5 d to give Ph2 P(O)N(o-C6 H40Me)P(O)Ph2 2 and 
Ph2 P(O)PPh2 • Other pertinent spectroscopic and analytiCal 
data are given in Tables 2 and 3 and the Experimental section. 
Oxidation of 1 with either aqueous H20 2 , elemental sulfur 
or grey selenium gave the corresponding phosphorus(v) deriv-
atives 2-4 whose structures were elucidated by analytical 
(fable 3), spectroscopic (fable 2) and furthermore, in the case 
of 4, by X-ray crystallography. With the exception of 2 [li(P) 
26.0] there is a negligible change in 31 P chemical shift upon 
oxidation [li(P) 67.9 for 3, li(P) 65.8 for 4] and furthermore, in 
the case of 4 there is an associated 1 J(PSe) of 783 Hz. We also 
found that, using conditions identical to those described 
by Cavell and eo-workers 7 for the synthesis of 
Ph2P(E)N(Ph)PPh2 (E = S or Se), we were able to prepare 
Ph2P(S)N(o-C6H40Me)PPh2 5. However in our hands we 
were unable to obtain 5 analytically pure although 31PeH} 
NMR spectroscopy revealed the only other phosphorus con-
taining species present was 3 (in ea. 10% by integration of the 
two phosphorus species). This compound was identified by its 
rl1 ~OMe 
Ph p"N'PPh 211 11 2 
E E 
E=O 
E=S 
E=Se 
2 
3 
4 
M= Pd,X=CI 6 
M= Pt. X =Cl 7 
M = Pt, X = CH3 8 
Scheme 1 (i) Ph2PC~ Et20; (ii) H20 2 or Ss or grey Se; (iii) 1 equiv. Ss; (iv) [MC!icod)] (M= Pd or Pt); (v) [MXicod)] (M = Pd or Pt, X =Cl 
or CH3); (vi) [Mo(C0)4(nbd)]; (vii) [Cu(CH 3CN)4]PF 6 ; (viii) [{Ru(p-cym)CI2 } 2]; (ix) 2 equiv. [AuO(tht)]. 
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Table 1 Crystallographic data for compounds 4, 6 and 1G-13 
Compound 4 6 10 11 12 13 
Empirical formula C31H27NOP2Se2 C32H21•500 4 •50NOP 2Pd C,t,5oH2,.soa,_,oNOP 2PtS C35H27MoNO,P2 C62H,.CuF6 N 20 2P 5 CuH58N20 2P.CJ 10Ru 
M 649.40 770.92 849.21 699.46 1191.46 1478.68 
Crystal system Orthorhombic Monoclinic Monoclinic Monoclinic Monoclinic Triclinic 
D/A 15.7749(3) 11.8731(3) 15.0814(6) 9.0732(1) 11.1500(2) 12.587(6) 
b/A 18.8326(3) 14.3704(3) 9.2086(4) 18.9395(2) 30.8735(4) 14.127(5) 
c/A 19.4901(4) 21.5491(5) 25.0051(9) 19.2823(1) 17.2571(3) 11.423(6) 
«f 92.14(4) 
Pf 98.502(1) 98.384(1) 96.862(1) 94.393(1) 112.82(4) 
yf 111.20(3) 
VfA' 5790.2(2) 3636.3(2) 3435.6(2) 3289.8(1) 5923.1(2) 1708(2) 
TfK. 293(2) 293(2) 293(2) 293(2) 293(2) 293 
Space group PI= P2,/c P21fc P2,/c P2,/c Pi 
z 8 4 4 4 4 1" 
Jlfmm"' 2689 0.954 4.536 0.538 0.567 0.757 
Reflections collected 33146 22016 14656 13779 35606 6314 
lndepeodent 6966 8551 4931 4677 13891 6016 
reflections [R(int) = 0.1059] [R(int) = 0.0374] [R(mt) = 0.0283] [R(int) = 0.0173] [R(int) = 0.0718] [R(int) = 0.020] 
Final R indices RI= 0.0336, Rl-0.0559, 
[I> 2o(l)J wR2 =0.0611 wR2 = 0.1564 
• Molecule disposed about a centre or symmetry located on the ruthenium. 
Table2 Selected NMR data for compounds 1-14 
Compound 15(P) 15(P~ 
1 65.6 
2 26.0 
3 67.9 
4 65.8 
s• 53.7 73.5 
6 37.9 
7 22.6 
8 52.0 
9 78.6 105.7 
10 73.4 73.4 
11 92.4 
12 89.1• 
13 77.7~ 
14 84.9 
RI= 0.0261, RI= 0.0209, 
wR2= 0.0752 wR2 = 0.0563 
J(PSe) J(PtP) 
783 
3343 
1607 
3884, 1W 
RI =0.0578, 
wR2=0.1269 
J(PP) 15(Pt) 
103.5 
-40824 
-41704 
61.6 
57.0 
RI= 0.087, 
wR2 =0.119 
3.82 
3.51 
3.24 
3.20 
2.85 
2.82 
2.69• 
2.70 
2.72 
2.51 
2.68 
2.63 
2.96 
• E = 0, S or Se. 6 OCH3 resonance. • Sample also contained small amounts of 3. 4 1: 2: 1 triplet. • Pt-CH3 , 15 0.80, J(PtH) 73.7, J(PH) 12.8 Hz. 
I 1 J(PtP), 2 J(PtP) respectively. 6 w112 110Hz. [PF 6]- counter ion centered at o(P) -144. ~ Measured in CDC13/CH30H. 
31 P{1H} NMR spectrum which showed two well separated 
doublets at c5(P) 53.7 (Pm) and 73.5 (Pv) with a 2 J(PP) of ea. 
104Hz. 
The co-ordination chemistry of 1 with various transition-
metal centres has been explored (Scheme 1). Hence reaction of 
1 (or 5) with [MX2(cod)] (M= Pd, Pt; X= Cl, CH3 ; 
cod= cycloocta-1,5-diene) in CH20 2 gave the corresponding 
metal(n) complexes 6-10 in good to high yields (ea. 90%). 
Table3 Microanalytical data• for compounds 1-4 and 6-14 
Analysis(%) 
Compound c H N 
1 75.50(75.80) 5.50(5.50) 2.05(2.80) 
2 70.80(71.10) 5.10(5.20) 2.60(2.70) 
3 66.40(67.00) 4.75(4.90) 2.45(250) 
4 57.10(57.30) 4.10(4.20) 1.85(220) 
6 56.20(55.70) 4.20(4.10) 1.90(210) 
7 49.45(49.20) 3.60(3.60) 1.75(1.80) 
8 55.00(55.30) 4.55(4.65) 1.90(1.95) 
9 52.60(53.10) 3.85(3.90) 1.60(2.00) 
l()b 44.70(44.55) 3.25(3.25) 1.45(1.65) 
11 60.50(60.10) 4.25(3.90) 1.75(200) 
12 62.10(62.50) 4.90(4.60) 2.70(2.40) 
13 63.75(64.45) 4.60(4.70) 2.40(2.45) 
14 38.45(38.95) 2.70(2.85) 1.35(1.45) 
• Calculated values in parentheses. 6 Contains 0.5CH03 as solvate. 
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The molybdenum(O) complex 11 was prepared in a similar 
manner by displacement of nbd from [Mo(COMnbd)] 
(nbd = norbomadiene) with 1 equiv. of l. In the complexes 
6-8 an upfield shift in c5(P) of between 10 and 40 ppm 
was observed whereas for 11, a downfield shift in c5(P) of ea. 25 
ppm was noted (Table 2). In the 1 H NMR spectra of 6-11 the 
OCH 3 group was shifted to lower field by ea. 1 ppm with 
respect to the free ligand 1. The isolated dichlorometal(u) 
complexes 6 and 7 have a cis configuration since two distinct 
M-Cl stretches were observed in their IR spectra. For 11 four 
strong carbonyl absorptions in the region 2021-1863 cm- 1 
are characteristic of a Group 6 eis tetracarbonyl metal 
complex. Reaction of two equiv. of 1 with [Cu(CH3CN)4]PF 6 
in CH2Cl2 gave the d10 cationic copper complex 
[Cu{Ph2PN(o-C6 H40Me)PPh2}z]PF 6 12 whereas reaction of 
1 with [{Ru(p-cym)Cl2}z] gave the octahedral ruthenium(u) 
complex [RuCl2{Ph2PN(o-C6H40Me)PPh2}z] 13. Indepen-
dently we also prepared 13 from [RuCl2(dmso)~ and 2 equiv. 
of 1 albeit in reduced yield (33%). The trans isomer of 13 was 
isolated as indicated by one singlet in the 31P NMR spectrum 
at c5(P) 77.7. In contrast we find that when 1 was reacted with 
the d10 starting material [AuCl(tht)] (tht = tetrahydrothio-
phene) the binuclear species 14 was obtained in 94% yield. 
Here 1 bridges two {AuCl} metal fragments. The downfield 
shift [c5(P) 84.9] and the observation of one Au-Cl stretch at 
326 cm - 1 in the infrared spectrum were in accord with com-
plexation of 1. Ligands of this P-N-P class [i.e. RN(PX2)z, 
R = alkyl; X = alkoxy, F] have previously been used in the 
preparation of heterobimetallic complexes.22 Jones et al. 
Fig. 1 Crystal structure of 4. 
Table 4 Selected bond distances (A) and angles (") for compound 4 
P(1)-Se(1) 
P(2)-Se(2) 
Se(1)-P(1)-N(1) 
P(1)-N(1)-P(2) 
2.1056(6) 
2.0936(7) 
116.08(6) 
124.77(10) 
P(1)-N(1) 
N(1)-P(2) 
N(1)-P(2)-Se(2) 
1.727(2) 
1.725(2) 
114.80(7) 
recently described some unusual dinuclear gold(I) and gold(m) 
complexes with bidentate 1,2-{Ph2PN(H)}zC6H4 and 3,4-
{Ph2PN(H)}zMeC6H3 ligands.23 
Th~; crystal structure of 4 (Fig. 1, Table 4) is broadly as 
anticipated. The P=Se bond lengths [2.1056(6) and 2.0936(7) 
A] are similar to those observed for {Ph2P(Se)}zNH [2.085(1) 
and 2.101(1) A], C6H4{NHP(Se)Ph2}z [2.081(6) and 2.107(5) A] and {Ph2P(Se)NPPh2}2 [2.120(2) and 2.122(2) A].24-26 
Furthermore the P-N bond lengths [1.727(2) and 1.725(2) A] 
are marginally longer than those in {Ph2P(Se)}zNH [1.678(4) 
and 1.686(3) A] which exists in the solid state as a N-H· ··Se 
hydrogen bonded dimer pair.24 The P-N-P angle 
<· 
Fig. 2 Crystal structure of 6 (solvent molecules omitted for clarity). 
Table 5 Selected bond distances (A) and angles (0 ) for compound 6 
Pd(1)-C1(1) 2.369(2) Pd(1)-P(2) 2.2078(13) 
Pd(1)-C1(2) 2.353(2) P(1)-N(1) 1.701(4) 
Pd(1)-P(1) 2.2196(13) N(1)-P(2) 1.714(4) 
Cl(1)-Pd(1)-Cl(2) 96.36(6) P(1)-Pd(1)-P(2) 71.99(5) 
0(1)-Pd(1)-P(1) 96.88(5) Pd(1)-P(1)-N(l) 94.30(14) 
Cl(1)-Pd(1)-P(2) 168.87(6) P(1)-N(1)-P(2) 99.3(2) 
Cl(2)-Pd(1)-P(2) 94.73(6) N(1)-P(2)-Pd(1) 94.34(14) 
Cl(2)-Pd(1)-P(l) 166.46(6) 
Fig. 3 Crystal structure of 11. 
Table 6 Selected bond distances (A) and angles (") for compound 11 
Mo(l)-P(1) 
Mo(1)-P(2) 
Mo(1)-C range 
Mo(1)-P(1)-N(1) 
Mo(1)-P(2)-N(1) 
2.5102(5) 
2.4880(5) 
1.998(2)-2.045(2) 
94.49(5) 
95.29(5) 
P(1)-N(1) 
N(l)-P(2) 
P(1)-Mo(1)-P(2) 
P(1)-N(1)-P(2) 
1.729(2) 
1.729(2) 
65.78(2) 
103.43(8) 
[124.77(10t] is smaller than that found in {Ph2P(Se)}zNH 
[132.3(2t].24 
The crystal structure of 6 (Fig. 2, Table 5) entails a cis dis-
posed Ph2PN(o-C6H40Me)PPh2 and two chloride ligands 
around a palladium centre. The geometry is best described as 
distorted square-planar as reflected by the bond angles [P(1)-
Pd(1)-P(2) 71.99(5), P(2)-Pd(1)-Cl(2) 94.73(6), Cl(l)-Pd(1)-
Cl(2) 96.36(6), P(1)-Pd(1)-Cl(1) 96.88(5t]. The Pd(1) is 0.04 A 
below the plane of its four substituents and the PdP 2N ring is 
essentially planar. The Pd-Cl and Pd-P bond lengths are all 
normal27•28 whilst the P-N distances [1.701(4) and 1.714(4) 
A] may indicate some partial double bond character. As a 
consequence of P,P-chelation the P(l)-N(1)-P(2) angle is 
99.3(2t but in contrast, when R2 PN(R)PR2 ligands span two 
metal centres, as in [Pd2Cl2{PhN{P(OPh)z}z}z] and 
[Pd2{MeN{P(OPh)z}z}J], the P-N-P angle is enlarged and 
falls in the range 113-120°.29 There is no Pd(l)· · ·0(26) inter-
action (5.3 A). 
The crystal structure of 11 (Fig. 3, Table 6) shows that the 
geometry around the molybdenum is distorted octahedral 
with a cis chelating Ph2PN(o-C6H40Me)PPh2 ligand and 
four terminal carbon monoxide ligands. The four-membered 
Fig. 4 Crystal structure of 12 (PF 6 - counter ion omitted for clarity). 
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Table 7 Selected bond distances (A) and angles e> for compound 12 
Cu(1)-P(1) 2.3010(12) P(1)-N(1) 1.719(3) 
Cu(1)-P(2) 2.3268(12) N(1)-P(2) 1.717(3) 
Cu(1)-P(3) 2.2944(12) P(3)-N(3) 1.705(3) 
Cu(1)-P(4) 2.3330(12) N(3)-P(4) 1.720(3) 
P(1)-Cu(1)-P(2) 73.19(4) Cu(1)-P(1)-N(1) 90.21(11) 
P(1)-Cu(1)-P(3) 132.12(5) Cu(1)-P(2)-N(1) 89.41(11) 
P(1)-Cu(1)-P(4) 132.18(5) Cu(1)-P(3)-N(3) 90.75(12) 
P(2)-Cu(1)-P(3) 130.06(5) Cu(1)-P(4)-N(3) 89.08(12) 
P(2)-Cu(1)-P(4) 126.16(5) P(1)-N(1)-P(2) 106.8(2) 
P(3)-Cu(1)-P(4) 73.06(4) P(3)-N(3)-P(4) 107.1(2) 
MoP2N ring is essentially planar and the Mo-PfP-N dis-
tances compare well with those of [Mo2(COls{ll-cis-
[PhNP(OC6H4Me-p)]2} ] [Mo-P 2.484(2), 2.476(2) A; P-N 
range 1.701(4)-1.716(3) ;(]30 and [Mo(C0)4{EtNP(OC6H4Br-
4)hJ [average Mo-P 2.452(5)A; P-N ca.l.70(1)A].31 In con-
trast the observed Mo-P bond lengths [2.5102(5) and 
Fig. 5 Crystal structure of 13 (solvent molecules omitted for clarity). 
Table 8 Selected bond distances (A) and angles(") for compound 13 
Ru(1)-Cl(1) 2.416(3) P(1)-N(1) 1.714(7) 
Ru(1)-P(l) 2.348(3) N(1)-P(2) 1.754(8) 
Ru(1)-P(2) 2.2332(2) 
Cl(1)-Ru(l)-P(1) 88.49(9) P(1)-Ru(1)-P(2) 69.84(9) 
CJ(1)-Ru(l)-P(2) 87.89(9) P(1)-Ru(1)-P(2A) 110.16(9) 
CJ(1)-Ru(l)-P(1A) 91.51(9) Ru(1)-P(l)-N(l) 94.8(3) 
CJ(1)-Ru(1)-P(2A) 92.11(9) N(1)-P(2)-Ru(1) 94.2(2) 
P(1)-N(1)-P(2) 101.2(4) 
Fig. 6 Crystal structure of 10 (solvent molecule omitted for clarity). 
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Table 9 Selected bond distances (A) and angles C) for compound 10 
Pt(1)-Cl(1) 2.3515(12) S(1)-P(1) 2.010(2) 
Pt(1 )-C1(2) 2.3164(13) P(1)-N(1) 1.688(4) 
Pt(1)-S(1) 2.2948(12) N(1)-P(2) 1.735(4) 
Pt(1)-P(2) 2.2029(12) 
Cl(1)-Pt(1)-Cl(2) 89.76(5) P(2)-Pt(1)-S(1) 92.53(14) 
CJ(1)-Pt(1)-S(1) 88.46(5) Pt(1)-S(1)-P(1) 97.43(6) 
Cl( 1 )-Pt( 1 )-P(2) 178.73(5) S(1)-P(1)-N(l) 108.52(14) 
CJ(2)-Pt( 1 )-P(2) 89.20(4) P(l)-N(1)-P(2) 116.2(2) 
CJ(2)-Pt( 1 )-S(l) 175.45(4) N(1)-P(2)-Pt(1) 108.70(13) 
2.4880(5) A] in 11 are slightly longer than found in 
[Mo(C0)4{PhNP(OC6H5hhJ [Mo-P 2.440(2), 2.427(2) A] 
indicating 1 is a poorer 1t-acceptor ligand than 
PhN{P(OC6H5hh-32 The P-N-P angle in 11 [103.43(8n 
differs by approximately ± 3° with respect to that found in 
complexes 6 and 12. 
The crystal structure of the cationic complex 12 (Fig. 4, 
Table 7) confirms a markedly distorted tetrahedral geometry 
of the copper(!) metal centre with the co-ordination sphere 
occupied by two chelating Ph2PN(o-C6H40Me)PPh2 ligands. 
The Cu-P bond distances are normal [2.2944(12)-2.3330(12) 
A] whilst the P-N bond lengths [1.705(3)-1.719(3) A] are 
siinilar to those found in 4. Both CuP 2N rings are essentially 
planar and orthogonal to each other. Within both metallo-
rings, the P-N-P angles [106.8(2) and 107.1(2n are slightly 
enlarged with respect to that found in 11. 
The crystal structure of 13 (Fig. 5, Table 8) shows the 
ruthenium(n) centre to be essentially octahedral with two 
chloride and two Ph2PN(o-C6H40Me)PPh2 ligands disposed 
in a trans configuration. Within the four-membered RuP2N 
ring the considerable ring strain is reflected by an acute P(1)-
Ru(1)-P(2) angle of 69.84(9t. The Ru-P, Ru-Cl and P-N 
distances in 13 are slightly shorter than those in the ruth-
enium(n) complex [Ru(l15-C5H5)Cl{(Ph2PhNH}] [2.2777(10), 
2.2813(10); 2.4607(10) and 1.692(3), 1.694(3) A respectively].33 
Within the RuP2N metallacycle the P-N-P angle of 101.2(4t 
is somewhat enlarged with respect to that of 6 but contracted 
in comparison to 11 and 12. 
The crystal structure of 10 (Fig. 6, Table 9) shows a mono-
meric chelated metal complex with a square-planar environ-
ment comprising a central platinum centre, a P,S-bound 
Ph2P(S)N(o-C6H40Me)PPh2 ligand and a cis disposition of 
two chloride ligands. The Pt is 0.05 A below the plane of the 
four donor substituents. Within the Pt-S-P-N-P five-
membered metallacycle S(1) shows a maximum deviation 
[0.33 A] out of the plane. The Pt(1)-Cl(1) bond length 
[2.3515(2) A] is larger than that of Pt(1)-Cl(2) [2.3164(13) A] 
and as anticipated for the different trans influences of phos-
phorus vs. sulfur donor atoms. The P-S and P-N bond dis-
tances and angles are comparable to those reported by Cavell 
and eo-workers for [PtCl2{Ph2P(S)N(Ph)PPh2}].7 
Conclusion 
In conclusion, we have shown the facile synthesis of a new 
bis(phosphino)amine and its co-ordination chemistry witp. a 
range of transition-metals. Further studies are in progress and 
will be reported in due course. 
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Summary: The neutral metal complexes cis-[Pt(CH3Y2-
{ o-Ph~N(H)C~.,C(O)CHa-P}il and fRhCl2(Cp*){ o-Ph2" 
PN(H)C~4C(O)Ph-P}] are excellent precursors for new 
five-memberedM-P-N-C-C metallacycles via a(CfiPz-
H) bond activation. The synthesis and characterization 
including the molecular structures of cis-[Pt{o-Ph~N­
(H)C~aC(O)CHa-P,C}iJ·OEt2 and [RhCl(Cp*){o-Ph~N­
(H)C~aC(O)Ph-P,C}]·0.5CHCla are reported. 
Orthometalation reactions constitute an important 
class of reaction that have been widely employed in the 
synthesis of numerous~organometallic compounds.1 
Whereas the predomiriimce of these cyclometalated 
compounds are mononuclear, several recent examples 
ofbi- and tetranuclear complexes have been described.2 
In hirge, such interest derives from the use of these 
compounds in disparate areas including catalysis,3 
organic i3ynthesis,4 in material science,5 and resolution 
procedures6 and as antitumor agents. 7 
The chemical literature contains a plethora of reports 
describing orthometalated triarylphosphine or phos-
phite complexes.la.3,6,8 Furthermore the first example of 
a cyclometalated compound with a water-soluble tri-
arylphosphine, TPPI'S [tris(3-sodium sulfonatophenyl)-
phosphine], was recently described by Pruchnik and co-
workers.9 Although cleavage of aromatic C-H bonds in 
tertiary phosphines and phosphites is well-known, to 
the best of our knowledge, examples with phosphinoam-
ines bearing one (or more) combinations of P-N/P-C 
bonds have not been investigated. This is rather sur-
* To whom correspondence should be addressed. Fax number: +44 
(01509) 223925. E-mail: m.b.smith@lboro.ac.uk. 
(1) For recent examples, see: Cromhout, N. L.; Gallagher, J. F.; 
Manning, A. R.; Paul, A. Organometallics 1999, 18, 1119-1121. (b) 
Giil, N, Nelson, J. H. Organometallics 1999, 18, 709-725. 
(2) (a) Bosque, R.; L6pez, C.; Solans, X.; Font-Bardia, M. Organo-
metallics 1999, 18, 1267-1274. (b) O'Keefe, B. J.; Steel, P. J. Orga-
Mmetallics 1998, 17, 3621-3623. 
(3) (a) Albisson, D. A.; Bedford, R. B.; Lawrence, S. E.; Scully, P. N. 
Chem. Commun. 1998, 2095-2096. (b) Shaw, B. L.; Perera, S. D.; 
Staley, E. A. Chem. Commun. 1998, 1361-1362. (c) Luo, F.-T.; 
Jeevanandam, A.; Basu, M. K Tetrahedron Lett. 1998, 39, 7939-7942. 
(d) Herrmann, W. A.; Brossmer, C.; Reisinger, C.-P .; Riermeier, T. H.; 
Ofele, K; Beller, M. Chem. Eur. J. 1997,3, 1357-1364. (e) Herrmann, 
W. A.; Brossmer, C.; Ofele, K; Reisinger, C.-P.; Priermeier, T.; Beller, 
M., Fischer, H. Angew. Chem., Int. EeL Engl. 1995, 34, 1844-1848. (f) 
Beller, M.; Fischer, H.; Herrmann, W. A.; Ofele, K; Brossmer, C. 
Angew. Chem., Int. Ed. Engl. 1995,34, 1848-1849. 
(4) Ryabov, A. D. Synthesis 1985, 233-252. 
(5) Bruce, D. W. J. Chem. Soc., Dalton Trans. 1993, 2983-2989. 
(6) Airey, A. L.; Swiegers, G. F.; Willis, A. C.; Wild, S. B. J. Chem. 
Soc., Chem. Commun. 1995, 693-694. 
(7) Navarro-Ranninger, C.; L6pez-Solera, 1.; Gonzalez, V. M.; Perez, 
J. M.; Alvarez-Valdes, A.; Martin, A.; Raithby, P. R.; Masaguer, J. R.; 
Alonso, C. Inorg. Chem. 1996, 35, 5181-5187. 
(8) Bedford, R. B.; Chaloner, P.A.; Hitcbcock, P. B. J. Chem. Soc., 
Chem. Commun. 1995, 2049-2050. 
(9) Pruchnik, F. P.; Starosta, R.; Smolenski, P.; Shestakova, E.; 
Lahuerta, P. Organometallics 1998, 17, 3684-3689. 
prising given the recent interest displayed in this unique 
class ofligand.10 Here we describe the synthesis of two 
new functionalized phosphinoamine ligands and report 
our preliminary orthometalation studies of these coor-
dinated ligands at platinum(ll) and rhodium(lll) metal 
centers. 
The new ligands o-Ph2PN(H)Csll4X [X= C(O)CHa, 1; 
X= C(O)Ph, 2], closely related to Ph:zPN(H)CsHs, 11 were 
successfully synthesized from cheap, commercially avail-
able Ph~Cl and o-H~CsHJC in respectable yields (ea. 
70%). Moreover this general procedure has allowed us 
X=C(O)CH3 
X=C(O)Ph 
1 
2 
to routinely prepare these ligands in batches up to ea. 
10 g. Both 1 and 2 were characterized by the usual 
spectroscopic and analytical techniques.12 The 31P{1H} 
NMR spectra (36.2 MHz) of 1 (and 2) show single P 
resonances at d(P) 25.6 (for 1) and 26.5 ppm (for 2), 
which is typical for this class ofligand.10c Furthermore 
we formulate 1 and 2 as monosubstituted compounds 
since in the 1H NMR spectra a small 2J(PH) coupling 
of ea. 7.5 Hz was observed.,p~dation of 1 with 30% 
aqueous hydrogen peroxide gave the phosphorus(V) 
compound o-Ph2P(O)N(H)Cs~C(O)CHa, 3, whose mo-
lecular structure has been determined (Figure 1). The 
X-ray crystal structure13 is broadly as anticipated, with 
a P(1)-0(1) bond length of 1.472(2) (molecule 1) and 
1.470(2) A (molecule 2), shorter than that observed in 
Ph2PN(H)P(O)Ph2 [1.508(2) AJ, which exists in the solid 
state as a hydrogen-bonded dimer pair.10c Furthermore 
there is also a strong intramolecular N-H···O hydrogen 
bond [N(1)•••0(19) 2.62 A, H(1)···0(19) 1.78 A; N(1)-
H(1)•••0(19) 143° (molecule 1); N(21)···0(21) 2.64 A, 
H(21)···0(21) 1.82 A; N(21)-H(21)···0(21) 14r (mol-
ecule 2)]. 
Ligand displacement of cod (cod= cycloocta-1,5-diene) 
from [Pt(CHah<cod)] with 2 equiv of 1 in dichlo-
romethane gave cis-[Pt(CHah(lh], 4 (Scheme 1). The 
31P{1H} NMR spectrum of 4 showed a single resonance 
(10) (a) Zhang, F.-Y.; Pai, C.-C.; Chan, A. S. C. J. Am. Chem. Soc. 
1998, 120, 5808-5809. (b) Shen, J.; Stevens, E. D.; Nolan, S. P. 
Organometallics 1998, 17, 3875-3882. (c) Bhattacharyya, P.; Slawin, 
A. M. Z.; Smith, M. B.; Woollins, J. D. Inorg. Chem. 1996, 35, 3675-
3682. 
(11) Hudson, R. F.; Searle, R. J. G.; Devitt, F. H. J. Chem. Soc. C 
1966, 1001-1004. 
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Figure 1. Molecular structure of 3, shown with 50% 
thermal ellipsoids. Only one of the two independent 
molecules is depicted. All C-H hydrogen atoms are omitted 
for clarity. Selected bond distances (A) and angles (deg) 
(equivalent values for the second molecule are given in 
square brackets): P(l)-0(1) 1.472(2) [1.470(2)], P(l)-N(1) 
1.654(2) [1.660(2)], C(19)-0(19) 1.226(3) [1.228(2)]; 0(1)-
P(l)-N(l) 115.84(8) [117.04(9)]. 
at d(P) 51.3 ppm flanked by 195Pt satellites [1J(PtP) 2028 
Hz]. Bridge cleavage of the dimer [{RhCl2(Cp*)}2] with 
2 equiv of 2 in dichloromethane gave the mononuclear 
compound [RhCl2(Cp*)2], 5, in good yield. The 31P{1H} 
(12) Selected spectroscopic data for compounds 1-7. For 1: NMR 
(CDC13) 31Pf1H}: d 25.6. 1H d 9.71 (NH) [2J(PH) 7.5 Hz], 7.76-6.68 (aromatic H), 2.57 (CHal. IR (KBr): v(NH) 3212, 3198, 3190 and 
v(CO) 1633 cm-1. FAB MS: m/z 319 (M+). (Found: C, 74.57; H, 5.91; 
N, 4.32. C2oH1sNOP·0.25H20 requires C, 74.17; H, 5.76; N, 4.32). For 
2: NMR (CDC!al 31P{IH}: d 26.5. 1H d 9.23 (NH) [2J(PH) 7.8 Hz], 7.66-
6.67 (aromatic H). IR (KBr): v(NH) 3314, 3237 and v(CQ) 1619, 1612 
cm-1. FAB MS: m/z 381 (M+). (Found: C, 77.26; H, 5.24; N, 3.21. 
C:zsH~OP·0.25H20 requires C, 77.80; H, 5.31; N, 3.63). For 3: NMR 
(CDC13) 31Pf1H}: d 18.5. 1H d 10.70 (NH) [2J(PH) 8.3 Hz], 7.94-6.90 (aromatic H), 2.66 (CHa). m (KBr): v(NH) 3097, 3072, v(CO) 1640 and 
v(PO) 1208 cm-1. (Found: C, 71.44; H, 5.39; N, 4.07. CWi1sN02P 
requires C, 71.63; H, 5.42; N, 4.18). For 4: NMR (CDClal 31PflH}: d 
51.3 [1J(PtP) 2028Hz]. 195PtflH}: d -4502. 1H d 10.01 (NH) [3J(PtH) 
21.5 Hz], 7.95-6.71 (aromatic H), 2.56 (CHa), 0.54 (Pt-CHal. [2J(PtH) 
69.2, 3J(PH) 6.5 Hz]. m (KBr): v(NH) 3163, 3129 and v(CO) 1643 cm-1• 
(Found: C, 57.95; H, 4.57; N, 3.21. C,2I4zN202P2Pt requires C, 58.39; 
H, 4.91; N, 3.24%). For 5: NMR (CDCla) np{1H}: d 55.5 [lJ(RhP) 154 
H:;t]. 1H d 9.75 (NH) [2J(PH) 11.5 Hz], 8.14-7.03 (aromatic H), 1.42 
(Cs(CHalsl [4J(PH) 3.8 Hzl. m (KBr): v(NH) 3175 and v(CO) 1628 cm-1. 
(Found: C, 59.48; H, 5.18; N, 1.69. C35HasNOPRhCl2·0.25CH2Cb 
requires C, 59.48; H, 4.99; N, 1.97). For 6: NMR <CDCls) 31P{1H}: d 
88.9 (1J(PtP) 2191 Hz], 88.0 (lJ(PtP) 3238 Hz]. 195Pt{IH}: d -4510, 
-4636. 1H d 10.5 [SJ(PtH) 57.6 Hz], 10.1 [SJ(PtH) 40.3 Hz] (NH), 7.86-
6.28 (aromatic H), 2.53, 2.49 (CHal. IR (KBr) v(NH) 3191 and v(CO) 
1634 cm-1• FAB MS: m/z 832 (M+) (Found: C, 57.38; H, 4.39; N, 3.21. 
C.oHa.N202P2Pt requires C, 57.76; H, 4.13; N, 3.37). For 7: NMR (CDClal 31P{lH}: d 105.4 [lJ(RhP) 172Hz]. 1H d 9.75 (NH), 7.75-
6.55 (aromatic H), 1.48 (Cs(CHalsl [4J(PH) 3.4 Hz). IR (KBr): v(NH) 
3231 and v(CO) 1608 cm-1• FAB MS: m/z 655 (M+) (Found: C, 61.18; 
H, 5.01; N, 1.79. C35Ha.NOCIPRh·0.5CH2Clz requires C, 61.21; H, 5.08; 
N, 2.01). All 1H NMR spectra were recorded at 250 MHz and referenced 
to external TMS, whereas 31P{1H} NMR spectra were recorded at 36.2 
MHz and referenced to external phosphoric acid. 
(13) Structural data were collected using a Siemens SMART dif-
fractometer using graphite-monochromated Mo Ka radiation. Crystal 
data for 3: Czol!1sN02P, 335.32, monoclinic, space group P21/c, a = 
12.343(1) A. b = 11.2683(1) A, c = 25.1886(2) A, {J = 103.54(1)•, V= 
3406.07(4) A3, Z = 8, D, = 1.308 g/cm3,/J = 0.173 =-1, R (Rwl 0.045 
(0.096) for 4873 observed reflections. 6: C,oHa.N20PzPt•OEtz 905.84, 
monoclinic, space group C2/c, a= 25.1102(4) A,_b = 10.2756(1) A, c = 
15.8647(2) A, {J = 99.298(1)•, V= 4039.66(9) A3, Z = 4, D, = 1.489 
g/cm3, ll = 3.593 =-1, R (Rwl 0.045 (0.109) for 4635 observed 
reflections. 7: CasHa.CINOPRh·0.5CHCla, 713.65, monoclinic, space 
group P21/a, a= 14.1667{6) A, b = 31.3669(14) A, c = 15.2768(7) A, {J 
= 106.843(1)•, V= 6497.3(5) A3, Z = 8, D, = 1.459 g/cm3,1J = 0.810 
=-1, R <R.J 0.047 (0.087) for 9291 observed reflections. 
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NMR spectrum of 5 showed a doublet centered at d(P) 
55.5 ppm with a 1J(RhP) of 154 Hz.12 
Thermal activation of a C-H bond is a common 
procedure for synthesizing orthometalated complexes. 
Accordingly when 4 (or 5) was refluxed in xylene for 
between 24-48 h under a nitrogen atmosphere (Scheme 
2), the orthometalated compounds [Pt{o-Ph2PN(H)-
CsliaC(O)CHa-P,C}2], 6, and [RhCl(Cp*){o-Ph2PN(H)-
CsliaC(O)Ph-P,C}], 7, were obtained in reasonable yields 
(64% for 6, 53% for 7).14 When the thermolysis of 5 was 
performed in the presence of excess NEt3, several 
phosphorus-containing species, in addition to 7, were 
identified. The 31P{1H} NMR spectra of6 (and 7) were 
(14) A typical procedure is illustrated here for the synthesis of 
compound 6. Under a nitrogen atmosphere, a suspension of 4 (80 mg, 
0.093 =oll in xylene (20 mL) was heated to reflux for ea. 48 h. The 
solvent was reduced in vacuo, the solid residue extracted with CH2C!z (5 mL), and this extract filtered through Celite. The solvent volume 
was reduced and diethyl ether (20 mL) added to afford 6, with a further 
crop isolated from the filtrate (49 mg, 64%). 
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Figure 2. Molecular structure of 6, shown with 50% 
thermal ellipsoids. All C-H hydrogen atoms and solvent 
are omitted for clarity. Selected bond distances CA) and 
angles Cdeg): Pt(1)-CC13) 2.090C5), Pt(1)-PC1) 2.2726C12), 
PC1)-NC1) 1.692C5), CC19)-0C19) 1.221C8); CC13)-PtC1)-
CC13*) 95.9C2), C(13)-PtC1)-PC1 *) 170.63C13), CC13)-Pt-
Cl)-P(l) 80.59C13), PC1)-Pt(1)-PC1*) 104.20C6), Pt(1)-
P(l)-N(l) 101.9C2). 
particularly informative, with large (ea. 40-50 ppm) 
downfield shifts in d(P) consistent with the coordinated 
pm ceiiter being part of a five-membered M-P-N -C-C 
metallacycle. 12 In the case of platinacycle 6 two closely 
spaced singlets at d(P) 88.9 [1JCPtP) 2191 Hz] and 88.0 
ppm PJ(PtP) 3238 Hz], in an approximate ratio of ea. 
1:1 (CDCla solution), are assigned to a mixture of cis 
and trans isomers, respectively. This is further corrob-
orated by the observation of two well-separated NH 
resonances, centered at ea. 10 ppm and with 195Pt satel-
lites, in the 1H NMR spectrum of6. In the m spectrum 
of 6 the similarity of vc-o with that of 1 supports the 
absence of any carbonyl interaction with the platinum 
center. Monitoring the thermolysis of 4 by 3lp{lH} NMR 
reveal~d the formation of an intermediate species, 
tentatively assigned as [Pt(CHa){o-Ph2PN(H)CsH3C(O)-
CHa-P,C}(1)] [d(P) 52.2, 1J(PtP) 2287 Hz (1 trans to 
orthometalated a bonded C); 86.4 ppm, lJ(PtP) 2067 
Hz].15 No attempts to separate the isomers of6 nor test 
for methane formation were pursued. 
The X-ray structures of 6 and 7 are depicted in 
Figures 2 and 3, respectively.13 Suitable crystals of 6 
were grown from slow diffusion of Et20 into a CDClal 
CH2Cb solution (cis:trans ratio of ea. 5:1, established 
first by 31P{1H} NMR). In 6 the molecule is disposed 
about a crystallographic 2-fold axis on which the plati-
num lies. The platinum(II) center is approximately 
square-planar [C(13)-Pt(1)-C(13*) 95.9(2), C(13)-Pt-
(1)-P(1 *) 170.63(13), C(13)-Pt(1)-P(1) 80.59(13), P(l)-
Pt(1)-P(1*) 104.20(6)0 ] with two chelating orthometa-
lated [o-Ph2PN(H)CsllaC(O)CHa-P,C]-ligands arranged 
in a cis geometry. Furthermore the unique PtPNC2 five-
membered ring is slightly puckered [Pt(l)-P(1)-N(l)-
C(14)-C(13) mean plane, with maximum deviation of 
N(l) 0.18 A out of this plane]. The Pt(l)-C(13) distance 
[2.090(5) A] is longer than that in [Pt(dppe)Ph2] [dppe 
= 1,2-(diphenylphosphino)ethane] [2.05(1) AJ16 presum-
ably as a consequence of the different n-acceptor proper-
ties of the two phosphorus-containing ligands. The 
structure of7 reveals a classic three-legged piano stool 
geometry with the rhodium(III) center coordinated by 
Organometallics, Vol. 18, No. 17, 1999 3257 
Figure 3. Molecular structure of 7 shown with 50% 
thermal ellipsoids. Only one of th~ two independent 
molecules is depicted. All C-H hydrogen atoms and solvent 
are omitted for clarity. Selected bond distances CA) and 
angles (deg) (equivalent values for the second molecule are 
given in square brackets): RhC1)-PC1) 2.244C2) [2.240C2)], 
RhC1)-ClC1) 2.394(2) [2.385C2)], RhC1)-CC18) 2.063C6), [2.055-
C6)], PC1)-NC1) 1.680C5) [1.684(5)], CC19)-0(19) 1.244(7) 
[1.239(7)]; P(l)-Rh(1)-Cl(1) 92.76(7) [91.46(6)], P(l)-Rh-
(1)-C(18) 81.2(2) [80.9(2)], Cl(1)-Rh(1)-C(18) 82.9(2) [84.3-
(2)], Rh(l)-P{1)-N{1) 104.9(2) [104.6(2)]. 
a 1]5 Cp*, one chloride, and an 112 [o-Ph2PN(H)CsH3C-
(0)Ph-P,C]- orthometalated ligand. The Rh-P distance 
[2.244(2) (molecule 1); 2.240(2) A (molecule 2)] is broadly 
as expected. The carbonyl moieties in compounds 6 and 
7 are both involved in strong intramolecular hydrogen 
bonding to the N-H proton [for 6, N(1) .. •0(19) 2.60 A, 
H(1)oooQ(19) 1.80 A:- N(1)-H(1)oo•Q(19) 138°; for 7, 
N(1)•ooQ(19) 2.63 A, H(1)oo•Q(19) 1.85 A; N(1)-
H(1)oo•Q(19) 135° (molecule 1) and N(41) .. ·0(59) 2.66 
A, H(41) .. •0(59) 1.91 A; N(41)-H(41) .. ·0(59) 13r (mol-
ecule 2)]. The structures or& and 7 represent extremely 
rare examples of crystallographically characterized 
compounds containing a M-P-N -C-C chelate ring.l7 
The utility ofphosphinoamine ligands, R2PN(H)R (R 
= aryl substituent), has allowed for the first time new 
examples of cyclometalated M-P-N -C-C compounds 
to be prepared. This genre of complex could prove 
beneficial in a number of applications and is currently 
an area under further investigation in our laboratory. 
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Whereas the number of functionalised tertiary phosphines, and to a 
lesser extent phosphites, has flourished in recent years, related systems 
bearing one (or more) P-N bonds are poorly developed. Here we 
describe a facile synthetic route to some new. potentially hemilabile, 
P.O-hybrids. These ligands are of particular interest for use in 
catalysis[ I] and also as suitable precursors for further functionalisation. 
The general procedure employed is illustrated below and the structures 
of all new ligands elucidated by a combination of NMR spectroscopy 
and X-ray crystallography[2]. This simple strategy offers great promise 
to a diverse spectrum of other functionalised ligand systems and is 
currently being exploited. 
+ RN(H)PPh2 
R= 
~COMe 
u 
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